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j5" j-oJJ aI? ja>^a jJt. jJl^ ^Ja.lt (3 

WW 1 4julaJi 

Y % * 0 jjl j J^LJg c Ojj^j : iJliii <UcJaJl 




£ £ V JLam* JL>I jt-lpj Jil JLp-Vl - ^ • 

£ ir JLilj ^JLij ^ ^ 

l^JUJl J-Udl JJ^JI - U 

£^ JLilj ^IJLpVl Aj^laJj ^y^AjjX 11 JJL>*lJl 

oU^V^Jl ^j^jj t jjwaJl ^ A^Abla^Ul olJUJL^I _ W 
JLilj ^JL %j oUaj^xil (JjLJ JjL^j 

^Voj J * t cri^ i— J*JI - Y £ 

0V0 ^Lt>.a5wjj . c-j cjaJj.il 

YYV jtj*j c£jl*° oliliil |*-^ (^j. a*^jj^JI ; otilill ^ g 

1 ^ jV I AjjJGI ^ja^» jj| <Jj yil! <«J jjJl <_5® A«»j^aJ l Lw> ^ Ij^J I J\3 . n 

vrv ^ jU- p_u . w 

VAr USLJjjj .(» LjU (15L-LJI) j,SCJl (Jp . U 

AYf JLilj (^Xij i;— JU^Jl jtbil jjp - ^ 

Ao ^ . I (J^jp o«*Lj >i^?Jl |«Jp eLjL) . Y • 

<\ \ \ ^.xJ JL»b ^1 >LJ LI ,JUJ ^>11 JLi-Vl - Y ^ 

W 




ujLoSfcll 


JLmmk JulA 

j*» {jj (Jl |»-Lp (ji <LjjaJL c~jl£ ^yJl JL*-pV| 3j_*J 

fl Jj^l <JL-^Jl O^JL-j ^ • 3^LJJ £^*Ul j jiJl ^ ^ jjl j^\ 

J t*Jl jLi^i £JU 4JUJI L.1 C 0) VJ^I Ifj^y J~* VI Ul J^ 

Jjt j . k— ^<L_ jj_*JI JL*-pV| jl>4 L ji La j£* *jj jlS j 4 ^ ^^-1 jil 

jj I £j-t cJI-*-^ ^^-A 4-*JL* LuJL/> j u->L*k^l ^3 ijjj^Jl oLliSCJl 

LjL^h L.UiJ JULj J-^JI ULa ^3 j-iLJl 0>JI ^ ^JLli)fl 

aJlA 0| . ^^Lwm. 11 ^UajJl j ^ytwyVl 1 ^ji^l ^j^UaJ Jl L*-£ 4 oLL->JLJ 

4jjJaj oLlJu ^_9 1 i^Jl ^3 (j?*^l — jL i^Jl l-jL-J-I ^JLp Jl oLol 4 LV^-H ^ la *..ll 

. Ol*P - (1)3 jVl ic*L- LL**! <l)t£ 4(3 ji4 (♦) 

• V J-^aiJi i i> 

Kurt Vogel, Mohammed Jbn Musa AlchwarizmVs Algorismus: Das Friiheste \ Jx > I ( \ ) 

Lehrbuch zum Rechnen mit indischen Ziffern (Aalen: Otto Zeller Verlagsbuchhandlung, 1963) 

. ( ^Ul y > JL 4 (Andre Allard) jVl <l>jj! ^ ^JUl J-^xill : Jill) 
yJlj 4 IJL> 0 Ju jLp oLo.lg 1 }L_a 1 ** - “j g 4 pjJjJl JL«^ ^yDl ( T ) 

.« jjbUil y ojjJLl* jjp jj 4 aJ» La IaL*jl>«i^«I 
4o4UI ^ aJUj £. yLJ-l j aUSU I ykU> ^ y*UJl JLp : >Jl (r) 

. 0 ^ A 3 4 olL .Ji^.w .4 ! Ojj^JI) jIJLjl^ p.JL» JL?*! 

( jltL^ J L » fci> «L?i 4 ^ J ^4(t]l 4 |».>a) j>\ £jj Jj4 jj! (1) 

4 <Ljjj»Jl ^ jJLiJl ^jjU J 4 a . 4 4 l^JL>- o»« 4 L>- ! 4 _—L>-) Y J9 4 T (^Lm^-I j*JLp 

Abu al-Hassan Ahmed Ibn Ibrahim al-Uqlidisi, The Arithmetic of al-Uqlidisi, english translation 
by Ahmad S. Saldan (Dordrecht; Boston: D. Reidel, 1978). 



>lj t ^JLxJ LlwJI c-J-SL*i — ^IjlpVI 

. 4AP-V oljjJaJj 


^UiJI 

t^iiJLiJl p-LJl*J ^L^Ll ^UaJl 4j| Jp 4 LjjjJ! dU=pV! ^ li_A J| jLiJ 

j-i j>«JJ j»llaJl li-Aj . ^yi oL~A-l oUUjJI {jA j-£Vl <£j^Z c^JJl 

<jLa*p| Lj jJ jLj 4-Jj| . ^UJl Jl J-*^J Uij (j^sLLJl f-LajJ 

^a L>-jjjr JL*pV1 J S ^ ! jj? L» jl>J lu5d 4j»UaJI t JL^J J>*a 4JLL* 

Vi JUr^, VJ SJUtAJ! JU/VI L.! . <^w>Vl j! ^JL^J! 4 0y»LliJ! ^ ^ j! 

UU- Ojy^ L/jT^ Vl 0 • 4-JjJ<Jl <oljjiaj J| La jj3 jjOJ ^L-J-l 0 ]aa 

c£Jj . ^ . L^ jJl Oj jiJl 4-SLLJl oLL-J-L (J-LCj L>— J ^ ^UalJl ^jA iae-t>Lo jiS"l 

. Llj^J! ol> jl LpL-JI *1^*4 o^~ £jli» I oVl 


. VjJ JIj cii) «f j ^Jl» ^1 — ^ L^Jl JUpVi ^ f UkJI IJla t5 ^ i 

<pUIj jL>cJI uL ^^I^^Vl OLSLaVL ^jSsJ . ^j^Jl ^Il*Jl Jl <djj»o ^JlSj ^cjjL 

t_5* «^>Lj • ^L^Vl aIx^IjJ JjJi ^-jii J*>- {jA I j^JLj jj 4 ^!>L^Vl JJ ^yl?- 4 C-* yJl 

IJL* JL. Lc ^IjlpS/I Jl S^LtVJ vw>Vl Jl Jl ^ L. IL^\ vi^oUSlI 

. j*UaJl 

J ^* - a J - 1 ^ylyLa-wj ^J_Oj L«**3 4_>^_*— /? ^j_a 4—3 4 L^/L^/l 0 ^£1 JJ! JLoJLaj ^Uaj 4j j 

oL)jjw5 4 JjLdlL 4 ^ Jj jJ 4 — wwsJ- l l 4-alilj 4..^— 4-llj iw-J j >/a 1 1 oLLa-P ^j-SsJ . ^-jJaJ! 

. ^UilJl |j_j* 4^Jl*jdl JUpVI iwJ-pI jjAj oLJLk_*Jl 6 j_A <Jj->-J ^ j-^”l oIJL-AjiJj 

La ^ylJl 4_«jj_*Jl JjL>ijJ| J Jj>- L^JLwJLp jj Jj SJUwLP Ls^J ^-P c *—* Jl 4 — — jJ L J 

4jIj j-laJl 4_ ^ Jj>^m<I 0 L 43 4 » a— a) I j 4— *<«*i» 1 1 oLL— ■> J| 4 mv— JL La| . L}Vi J| jj 

l-L^-a ^yp J .MwU| Lf . fl4JLLLA , -l 4»^j3^1l 4— *~*j? jJl® jl ®4^_LLL| 4—*— Js 4-dj^Ja_> 4J_J 
J-di 4*xjjyJl jjJJ-l jL^t:.»l L»l . (Interpolation Lineaire) (Jp-IjlII) ^ykiJ-l JL^i-^Vl 

. 4 LtilA 4--J^jJ3j Jj L— * jj pSj ols* 

-lai>- ^yP-ll — j cLiJS (£ j£ ^LialJI IJla ^yi 4 _jL-JL>-VIj 

4jlLl3^ oLx^j ^yj 4jJj ^Ls^t 4 la »m\ yj 4^-—-JL>J>l 4j ^ jJL j jlS” La iJlAj . 4 la . +a jJl 


. (^ ^JlI) . IjjtkiLl SJLplil (O) 


m 


« V L^» ,J liyry* iikiAl *1* AW Jl k ja jIjipVI JJUi l> Ml I 

^ 4 l.il JLJolj JlAP A^~j) ®^jJL*JU oLjcs^jJI oJla ^a.,^7 . ^ jlJUN 1 

.«^j5jJI j»lkJl 11* 

® aJ Jli ^ _ - - > umw^- o^>-L» o ^IL*J1 Ia* ^3 ^IjlpVI j 
AjJL>*jVI cJ Ijji <JU1 J jAjM j • ®J**^>«J1 uL>)) ! j>-\ Lk^l ^UaJl t J l^J JaP-1 l£ 




AllJ (^JJl ^JLuJl LgJU JS* JjUj 

c ^LLaJl 1 JLA ^ AyyJl 

1 1 A 

c 8 H 

^ 60 S 

o 400 T 

u2B 

i, 9 I 

t 70 o 

500 U 

^ 3C 

10 J 

J 80P 

^ 600 V 

j 4 D 

d 20 K 

^ 90 Y 

j 700 Z 

-a 5 E 

J 30 L 

j 100 Q 

800 W 

j 6 F 

{ 40 M 

j 200 R 

Ji 900 r 

j 7 G 

j 50 N 

Ju 300 X 

l 1000 O’ 


( \ - s • ) pij j jjJ?\ 


fl ®_» L llS” ( JJL<klj 

Y * * * ^JbJl j h « 

iL2p» ^ ^ ^ ^ JJuJl Jjif J^-I ja i liSU j 


. ^llalll IJLa ^ ^IJLpS/ 1 Ji' A>ll£ 4 L^lai 4 (JLlHj ® £p#.j \ * • • • • * ^JLxJi j 

cJla oV 4^UaJl I JlA J LlU? J ^1 JUpS/1 ^ ^IJLp'b/l ci^Uai ^ luSG 

. o ^1 1 d ^>-^1 (_^lilb (J jlJUaj 4 ajUJI oJ^J ^liaill (JLo-pVl 

{£ j~* JUaj V j-JcJl lift 4 ^a^L^xVl t — J jjJl Jl^j>*JI ^llaJ jJ 

. r JLUl iubS ^ Jy m 'i Ur j^Jl J; jJl *J ^Sll 

j j^aJl) (jL>-jj-JI *li jJl Jlaj>J! ^UaJ J jj>- AJ jjii ^Ul f.JLiVl Ju*-*Jl ^ j-*-jj 

(j- 4 i3L-A ^ ^ ^ > - j£3\ JJLP oJl>sj Juijjj fiA-*-»J * ^ V j-*iljJl 


. 4 ... ai j.L,/jll I jiajl (l ) 

ajV ^.«.H J jUI k— j LSCj tw^aJLj . |J^ ^jA aJJ ^\i£ L«mJ yk i^iJjll IJLa oi y*& (V) 

JjLil k^ljL^J I JLJI <— A «.» >» JL a*£- yj JL^-P ►!-* jJl jj! I ^iaJj . J j-^a3 Olwi ( J^ 

. ( ^ W ^ t [ . o . i] i d)L«-p) ^ * ^jaJI (— jtJU- ^bj ) Ij t jljLx— » p^Ly» jl^-I jJl J i ^.«Jl 

,jj J-4^ ^5L> jj! : jJiil . V * ^ 1 tij-- 4 j*— 'l UojI Lf sr (A) 

oL-^LijJl ^ ol— Ijij tk— >L-^“I ^ 

. aJUl! <Ls^ y ^ 4 ( ^ i L$,y^ u-JL>- 4 jcoL>- i i^JL^) o i o^*Jl 



^Ualil ^l«i>«I**l ^y yJl <J *■[+&!) JIaaI^I Ijb ^AJl ^UaJl IJLa JjLj jp~\ (_£Jp- JlaP 
C*j* f H** Jl ^! V J ^ J ^L-j Jjjl cl~>o 4 

Vl^rJl oJLJl oli ^p *UJL OjtLJl Jl ^yw^l fL^Jl J-^j 

I j-fc jj>J JJJS ^ja p-pjJl <Jpj • ^yr ^Jlj jJI <jJ JL*-p1 ^ja oxiii«J La <w^ > - L*L*t 

AjjjjJl oJJIi .jj~£}[j jJLcj Uy 4 U^L>-j 4 i-jjjJl aJJJI oUl£L>J Ijl>- ^UaJl 
^ j . 77 ... 4^ 4 | ly j ^yJl jj-^Jl ^aJJ Jaij JSLaJl *a~j 

... 4” 4 Y Jy ^ (ji Jl j .*JL> . * j+*£^ yA 1^,‘. 4 J£ 4 ^UajJl UlA ^y SJL>-jJl tfyy**^Jl# 

oLLw«^-l ^y JjljLmuj 4 \ o t y J » *j?*£ a_lp j>*ju yj I * »..* . ( j*~£ j-a 

cJlio yy J ~ JJLa V 4 0 4 r 4Y ^IjlpVi ^ blJLpt iSj* jj~£) I L.I 

* > 

^y j5 Jij . tf 4.3 La 1 L I ^ 45 j jaII j y~S3i Jl c-^jj^Jl aL^Ijj L^Juj^ 4 flf- Lw? )) jy*J 

o -La Jjy^iJ JjJoJl J-soit ^ cM ir* ol >% A A, a ll ( jA Jb^-A-ll 4 jL-^>" ^y *U jJI J-)! 

^ ^-sau .^^Jl jJUl *aUJ ^uS/l iLjJaJl j .JJ-S" Jl M^S/I» 

:Sii* 

r ' ' / / / o v v 

.-x — 1 — = a' + t- = ya = v x — = — 

r 0 r \o \o 

oJLa .“ yfc JL>-I Jl ^y ^jlll Ajj^^aJl IS JyJSll Ay- Jl j— ^J l J} L»a > 

, p^ajcL) JjIS jjPj ^^spLj j*p ^SL** Jjlc 1*^3 j 4 aJoaJI oLUm^-I J^w <Ljj Jail 

4j>-jjJl : 0 ; : :>^.ll pJLJt Lj-^I 4 0 >.-^)ll ^UkJI 4^Ja it Sjlp jl>- jJj 

oLJUaJJ jl ^L>*a-S/I jl oL^L-II j\ Jl ^LS ^Uaj <_$! .... aJLlII 

^ — ■ t^jL^w il ^1 (j^3 Itl Y 1 ^jLj ^-AjjJl jlS” 1SU . pIpJll^I 4jLi ^ 

.^jjJl 

^a ^ja^L^^fl j»£LA ll ^3 ^ ^L#Jl j ^ IgJ . C--AL>-I Jj 4 4 » JajVl fl j-A 

^Lp Ji *>^la “ x Y j— JJI . ci-^4-11 f LlaJl jLlljlj 

. L«Ll Jl ^jyJLcdl jJr Ju3 {jA ^ J L Jl j La cL*->- 

^UaJI 

JjL- 4 jI jJLjj . ^IJLpbU ^LJI ^ll^Jl Jl 1 1 Lo ^3 jJt^iL ^UaJl IJI4J 
jib ^ 3 j 4 ^^LJLl ^LmJI uyaJl j_J3 . 4_^iS^ (^jJl J _JJl ^»-xLJl JjaU 

v-aJLrfSfl IJLa Jl5 j . c^>* ^ jj^t <u^l ^IIp c-aL>I ^Ip 4 cj\ yi\ Jp j-1^ 

j-aj 4 ^*llY ^IjJI ^y <>-jJlj LiU? j ^yJl 4JLI1S ^LLoil *u ^yj . S Ap ^J> \^a 

: JUI j£iJl Jp J*j*y\ £• ^jLt. ^yj-U^JL 4 ^UpI ^^p 

m 



. . . iaSJLLI p-jSliLliS'l jp . . . ^ jJUfJl ^*1 p jp jj» 

p-$jf 1 jj jpj A.o-Jl l i <LjL*JL| p*$j jJ^ jp h jl Jj jp^U sjljLJI dJULt j«4 apI 

aLJjj JaJti (J cAjLJ-1 aIa jl JJ Jdii ^ylSCJ .jy*u J5 J jil ^1 AuL-J-l 

. "*- . 

til J-^JJ J 1*^5" |*-d^ ^UaJl 11 a bj£i jl JoJtl j ^ j 

Jj j.~Lj L« ^^jjl yJli aJLLmJI aj jll^J! oLLSOl ^5 Jl?t_» V till VI . SjLcJl j^p Lj 

. pUalll I 1 a 

jl (JjSfl aIa jJJ JjS/I Jp) aJ-«p cjL^j ^3 J. ja a 31 ij^jj 

1*1 4 jJ Jp ^JL5Jl t Jl 4 ^Jl j\ jLaJI <]a**\jj pjj Jl^aJI jL5 JJL) 1 L^Jl jULj 

a 1a j>%*j |*j j^j . L$JJ ^L^ plijS/l 4 j^c* '*-:*? * * JK r^ > \ > . *«> r->. 

^ j— » ajL^JI V of Jl i£ y^ ^Ijlp'L o-U-I j £jlnlb Vjl 1 ^® pli jSfl 

. Aj jJLlail «L»L~1-1 a1*aU aJL$J 1 A>«cll 

1jmm3| jls lj jaJ! c) ^ ^|*4j V Ijlaj . ^*i* - *h - 1 1 ^ AmiijLiII a*4«mmJI ^Jh4^ a^'^DI o*Xa 
U l Jdljl j* ^ jl!l -b>4 ^-p jt La p- fl - L ^j 0 ^£j dli . ^jli pLlai!l 11 a 

V JlJLcJl < yA ^a AaJUL a aIaiII aIa jli t j^f j^4 j£j L*^j#j . 0 

Jl a ^JL^ ot j pUcJl 11 a 1 j! jjfc La La^» L« ol V| . ^jLj 

. ^Uaill tj^uA J 3 (jij* Jl jlLJl 

OumJ jkL jl <la ««<! jj 1^-1 015 l a 4 c^JLp J^LC ^J-P Ajj JLaj pi la « H 11 a 
I«XA pJ L|j . A-*_4^1l aL 1-I ^3 pJL>bLMhJ oH jll jlLxJl pldMiJl 4 Jl oUal 

o>-l ^Jl <jjl~j l 1 * 3 jjL . p-5^Jl JjL ^jA a!j*4 J^J a<»j c. » ««<i jjill A^^ill Jb^tA J^Lcjl 
4 a. v^J JCp A^OJ ol jJLa)I aJ^ 14 ^ JLlP 6 J JLp t5jL-jj aJ^L4 ^3 JL IP 

. OJLJlji Ijl^aj . . . oLlI aJjjj« ^ 

l <> $ w ./»j jlSLw <lU jJlLI a^mjsJ) i«l jp L«jT J>LJl ^ljLmJI pLLc.ll \£y ^ I Ji5^ 
olj 4 ^ jJLaJI pliaJl ^IjlpS/I ol (wul^Jl Jp oL5 . (^ u i^Jl pJL«Jl 

pllalll Jl <L>«Clil JLaj 4 t^-»l jJL| JLi^j CjLL- 1-L pji t)lj i ^jLJLwJl pUcJl Jl L^J j3~ 

^jp Lj Jp ^Aj AjI Nl (j^JjLJl J-A L ^1C~J| plLalll ot p-^j^l ci^O • c5j^L ^ 1 

^5Sfl 0l5 JljJlcJI oJUi . ^1 pltiil aJISC. J>- jl Jl Vor 11 rr 1 ^ 

. oUpLjJI L#l 

I*1p Ijj^t Jj o^jL^JI d)l5j . J5 LJLj oLLm^L pLJL pi. la*. II 11 a 

David Eugene Smith, History of Mathematics (Boston; New York: Ginn and : JaJl (^) 

Co., 1923-1925), vol. 1, pp. 166-167. 
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Jj>4 {jA a-L»JL>- JJ J-l>o C-JlS" CjL-^LjJI jt Vl . <— 'UtpVl j£j J^JLj 4— <JU$Jl 
JlsAAj ♦ ljj)alA u^L«J>-l JjL*j JIj j-4"l Jl 1 pL»S/l Jl Lg-*j^ 

4 c— jLm^I 

^UjSli jisCit 

^la *m jJl Oj jJaJl ^ oL-^LjJl <L*< j^il <JLa-pS/l a-JLp! ^ Jl>*J <jl 

cIjLU jia>*ll Jl jJ>- ^ «\L.^a>- La jJL» j . ^IjlpS/I LitS^ Lw?j 

. a^^Lu^I 4-jjJJl jl aJ jJtJl 

jJuazM ^Sfl Jai-ljT J5LUI J* JjVl olL£)l ^ ^ .(ijb*lj» ^0-0) 

^1 JLpI AjLS' JJPj . AjJLLgJi aJUllI < ^4 IIa j $ cA«i£Jl 4*JL ^jp l) IS" 43 ji ^il 

T T S^i . >V1 Uj^I jjt Jp jlpLj l*S y iJiSlI J* >il cJlS ^ Jl 
I jjIS" ^jjJlJl * — J ^L-jJl JLlP L^j Jlj JaiLl ULa ^yL>-l JL 3J . 11 ^jp ^ .ftJu <jL5 

. c-iiS/l ^jP #|® I Jl^-I jJl ilUal J| Oj JLa^ct 

i>-l C jL-JLi ! J jl^ JoL^Ul 4 J . («ij^*]|» j«<jb^ i»dLi ^Jl) - (t t Y) 

• |^j Jl ^1 ^ j p JljJl Jp jbJjJI jli-A 

. L» jAj 3j 2 ^Jl^JLlI a^JLJlI a** jjJl <jl jJlJI j 

L~£jjJ l»j j j l a : * j ^ (JjJLlI J_)S/I ^J^-l jLS' j^j jJl) . (O 

. 3 jJp £ ® j • ^ J-^JJl *— » >Jl Jl>-I Jiij . ^ ■ s* ^ 

J^y\ ci>l jt ^ Jl vi-, jLS- f jLiS/l oLU^Wl ^ .(«<->» ,J Jl) - (o) 

i_jjill ^ l3 C5*J B ^ v - ^ J ollS^ |*J O • B 

.0 J£JI Jp jJLJ.1 

^ 6 JJC-iJl JyJl T, JJJiJl Jp jLT .(«c^-» ^JjJD-O) 

. jJLII v >!l 

J> (*UjVl .Ia c-lLS tai^n ^lijVl).(^ iA iV) 

.(JLil ,> 9 18 t7j JyJl <\ <• A iV JI_^JI 
( . L^p j li ij*i ; 5 5 i^jI^ ^|SJi uj^j j 15 LljJl ^ . ( jjUaJl) _ ( * ) 

J 6 (*? H f 1. j jLmJ 1 ,1 0 I 1, 0 II I B^JL^ S^j|j ^^40 ^44^i ^ 4 I li> 0 ti , I **4 4^ | 1 J I 

. ^ia Jl> 

*4444 0 CjlS'j *.r. ^ ll 4 ! J |^^4» 4 J jaJI JUP c> 0.4..‘ CJl^ J I5w*\ 1 0 JlA (1)1 ^1 ^ .44 ^ 0 

,° -> L^JI oLLSJl ^ 


.i i\ ^ 4 ^ju«JI 4JLJ.I ^ J^l ^-aiyi : >51 (^ •) 



pJ-P J«LS^ i£ J y^*l 4»JJ^1 Otj-^aJl jtj JLJTLlII LlipI ja-l^xL J 

y» JjVl ^-.^Jl jL jl^IlH V L+£ . ^y^L^Vl |IL«JI aj jS> LuS’ ^jul^JI ^L~JJ 
y*j £-ij_i ajlJaJ ^- I <1)1 Jlj V j . A*jjP AiLol j^J* (^JLLgJl JJL04 ^-^jULaVI i_4-l^n 

c_J UJj, JoISJLj ^UJL <y JJ cJJji-a jL JLjS’llil la T-...J V Aij . yJL«Jl?-Vl yjJLfc 

u. * .^ 1 1 y* c-> yJl jl j lSjJ <1)1 ^ia>../> LjlSCJ yyJl ^iUl <y jJlsj 1 Li* yju^Jl 

^ywyJl jjJL-l <J Lya.t.:^ 1 j a^-*«jjJ J ^ jJaJlj oLJL<>-p' c ^ jJLn.ll ^JLmJI 

. yuiUl ^Uaill yai£ lgJ ; p Sj^Jill AjjL^i-1 oLJL«^Jl cllJJLS ’ j to^->waJl JJipbJ 

Ilf- l)^^j V Jij o j« h ya.ll JjlpVl ^mUl J^Jb_j LL-P J_jU JL3 ^JLl^Jl ^JLhJI O^-^j JuS 
1 JLa . JLlJl Jj 3 yju A ^ « laJj J t JL& c-jU^L-l ^JLhJ y-^Sflj oLhJI 5 j£jJ| jl Vl $ jLajVl 

JJ (July? j jl Jl o j c~J*Ip c _ 5 zJ I ^ y-Vl AyL~i-l cJjLhII Jl c.i..J>l ^jJl t pJLiJl 
oLs^Lj ^yJl jILhJI aJ_p ^JUI c^U^J-l ^-L*J oJlpLoJI 4 jyUkjjju*- *LJip 

^JlhJI I Jut AjcJp Jp S ijiaj JjJlj 4 yyJl c^Lm^I '^Jp A*JjJb 1 JLj jl J*3j • ftjyl* aUslU 

. *ulil>-lj ^yJI j&Jl jJP y* J& 

^Ji^il cuLJ>l 4 aJ^ 

Jl JlJ-J |»UslUj AjjUJI 0>- jJj ^^y^UVl ^ILhJI ftUj Ji ^QaJl I Jut jL jaS'UxL) 3 jju 
4 0 lAj 1 YY* £ yoJuJl j_*J> Jjl* Jl^LJ <u J-vail ^lll J>4 ^ j . i-^^ll ^iJipbU 
! v— AiLilil { y9 j^alll J5 ^ O JLaII a2j JaJl JJ jlalJ j 

: JUl J5w!l Jp 4 o- jill Jp jbJuJl 

wri 

.(JjVl JJL-il jJ-Vl ^jil Jbll ^-ull y, JjVl pijll) 01 A 

J5 4 4 ® J Jl^ojl Jp' ^ ^»«LhJ| LUji^ L*Jp ol Lf 

^J^yj . O^jJlJjiiO iAjJl jij ^ j^ijJl <J Ljy ^JUl ^jJl Jji 

0 j^ijJl jiCl j 1 Jl Jji t ^JjJl yJLSjJ 0 i 1 ^ 1 Jl JLLp 

ya j . o • ^JjJl 4Jl£o j lo iJbJl ^ o • ^Ja.nJ £ 0 Jl Jl AliU^l 

: JUl JiJJl Jp 4 J y UJ aJIX- jt>-L ^JJI VY ^jl#JI Jp A .j ^ Jl 

JjJ J t pijll y^j . \ ^ i ^ijll Jl V pijll ^ j^ Y (tijil Jj^L 

. \ |*-£ jJL (Jil j a /* ll ybaJJ 4 j^s^aJl Jl A 4 * 13 j^Vl \ jJl L»1 . J^>*ljJlj 

.M \t tr i Jp Ju^i 

o 1 A 



Jl C-. oUT ^va-JI Jl 5JL>-lj A-J jj# 0*1 A 3JL*Jl A>-l jl ^jlLj 

! J^JtJl Jp J-/ii>L3 . Aj c-j j^aJl Ju^j JUl 

o 1 \ Y Y r t 
o 1 A 

*— > jllpj .Aj “l 4 o jfcLS jVb ULu (Jl ^ aII) Y Jl <—» j*J> LJLp ol ^^Ijo Lr 

: Jp J-^J JpVi Jai-1 Jl AiUlj Aj 1 t o fUjVL Y J Jl 

oYYMTi 
o 1 A 

X Jl A Jl uyjl Jl aJ^a 0*1 A 3 JL 1 JI o-l jl J-p JU-*JJ 

(^YT O Ji jaJI 3JL*Jl ^lij £y*sHj cy j^aj <1)1 Jl ol Jl L# aJLajJI Jl*J j 

JL» <1)j5o Aj c-J jj-*ail oJbJl . AJI 4 JI A>*-JjJl Jp <J jjiJl Jail 
< j*a jUJl j-5^ AjJb& La viJLJS Jl <Jufi 1 . aJa-*JI J ^j^iJLj olpl AjL ^r,».») V Lf LuL^i 
jLS' A^>ajjl J-il «Jjb aJ?Lm*j £jA |%-p Jl Jp V IJl) . IwjLJLU j\ ^-iLs^bU ^L-J| 

. b* - ^ 


t-lLJ-l J L ij* f 4 -"I 

cjU>. . ^L^il ^UajJl |JL> j-jjJaJ y JJLC <Ljj-*Jl oljL>*Jb/l <Jjl < 1)1 
auLJ-I o-JJI JIjll-iI : JU 1 I lJub J cJJb ^1 oV jUll Jjl Jl bj*- ^jlJLpVI 
jJLajlL) cLliSj <LjLw«.il aJUwJI J->-l j*a l_aJLi<^ L 4 >w ^u-mj L<r j^ilj JL 
<wO*J JLoi . ^oljl cLUJlS' ji Al^Jj V^L^wwn jJ all I I JL* LJ j J-o jJj . I ^ I* > -l jA 
^Iji^lwal ^-jJ Jupb ^ ^ jJ AlaiUJll oLLbJl CwwjJ jJLJl { j*j ob/Ldjbfl J p Ja.ll 
c <J JLiil IJla Iju jlaJ j . IJLa^L b/L >4 (Jjl.i 1 I ULa L-^L^l Ijj^ 4 jL-*JI J 

l/J ^ ^ ‘ ^-iLJl jjJl ^ ^ 

pLJI ^j->l oLUS' ^3 ajjU^JI a>- J ill <JLawmjLwkI Jl «ji>L>c.*.a- 1 j jl>&j j-JLp dJLiJl j JJl 
^jJl f: laa!l ^Ljl c Ul ^4 Jl 4 ( 3 ^ JJLS iUuLj .(^rY\ . \ Yon) 
^Ljjl ol> jill (JIajCL^I J AJUi'L LiJj^a O * d ^Ip 1 J^lll JaJl 

Ji j-wjT ^ jJaJl ^jjJl cJ j-Ja AA-Lwa 4 L_t jAj (j J C- fl « jfl 1 » aJL -3 j 


4 01 JLj 4 -w» JL^I jlj^ * 4 4 -jI jlil J Co^lJlj V— jL-il ^*1 J^T* 4 J*Jl Jill 2 J I Jill ( ^ ^ ) 

/ jjJLt) r ^jli t Y* ^Jij in£ j "n ^ <0^v jjjj/ aijj^o y pJli t Y* iiJi t^Ujbi 

. Y Y ^ _ Y\r ^ ((\^1V 

ti j-i Udjt Jajl_j 4 4P^wtjll p_}il l*Lfc ^j+../> ®4j-il® ! j.tp (^^lil <jg dll ! Ji»l (^ Y) 

■ J 


lo * 



' I IJL* jlll ^UaJ /^SCJ . ajjLjJI ol> jJUl iiJliJ! oN jLil* 

4 ^jl Jill ^3 UU*ji UUjM oLJUoJl (£y*> ^UalJl iJLfc ^ ^ij . Jlj^ll ^1 
. aJ j oL^li-1 JUai^I ^ja ^p j\\ ^Jp c Jbu QL..:H l . a^U ^ 

Ju *jzJU <U-a*1 ^jp JjU M AjjUJI ol>- jJJl ^jA (^.K flll (^U^-l ^ lloll I jlj£ 01 

4 U j-Jil jl US' ^JJl 4 1 ^Ualll e->l >- ^Jp 4 J |» ^iHalli IJLa jJl. !l 

(jjjJl ^j4*ll jr* ^ij^ 0 j*i+*\ 

^XjJI ^Ualll ^ 4jjJLm]\ jj+*£Mj SjaUM 

. jli$JI ^ u-iSO d\S a^I . (jx* - j*£S\ ^ j$aa 01 

Jp cJlS’ cj bj a ^IjlpS/1 01 4 i~>- 45 (Uj^p) e^iSO OLS” a- ->JbJl Ot US' 

c c 

. c iJbJl <Jp ac + b aJbJl U- J JL>u ijUJl o- ^ill Jp 4 JSUJl IJLa 

. i U 0 *Jl 4^-dl £ -f- \ ^ Sk- 

r ‘ 

* 

Jl JlJbL U?lil ^ {.:/« 4lj 1 jlail^l Ml 4 Ulilll fijUfc c-» jjJl jJL*J JLil J 

^jllS 1 J 1 i/tt M| ^*m 53| l t3 • \ ^J)^jJl JJ^khS A>ip ^JAXaJ 

• N : Jujl^JI (Jp e ^-iS' U IJlaj ty + y J^-iJl <Jp 

\ 

i 

J«1^I br <u%l y vU^ kUJJ MU *) jIj ^Ml JJUJI IJU 

r ui| J$UJ| JJJ 

£ ^ ILLS' Jp ^ cJtf jjk ill IJU ^ l*Jl «J yisJl ^1 J^l >1 Jjt 01 

^ <Jl M| » j— ^ Jlj ^j>«-sa 11 ^J-wJl ( j ? i ^ya^S/l JaiM tft iUp- ^Jp *>U« 

. • 0t L j*~i 6 -^J Y l/*"-* • 1 "i f JUJ Uajl 

\ 

Y 

JSUJ1 5 1 jlJ <Jj^ 4 1 — > j-*Jl ^ J JL L 4 JL 3 1 jjI ^jA jl 4 ^-llJl ^1 OlS' JLaJj 

(^^>«il ^j-P 5 jj-saJ1 Ju^uij Ja>*j) — ■ J-P <uiS" ^jJl — ^^Ull ^Ull 

w - 0 * 3 0 

. iJjia J53 olkxll U^ill & j&j 01 Oj^ -4 JSJLlI ^Jp 4- ^Sl» OlS" <iS0 



1 ^ 4 4 ^ ^ ^ a 4 ^Juyf23 Jj13 (_ 5^»«*Jl oLs£.L toX^j^y I 4 ^ C°** j 1^ ll Lai 

J «,Aa 1 .L A3 j«^yall ^ytsVl Joi-1 ^J>0»1 <1^J t J^-l jJJ Xj^L**a oj^a)I J^S^ o j*A-i (J jJL> 

^ ^ ^ P 

1 L$ul 4 -n^L>- Vl-a-pt IjjLJ^j ^1 J ~X-u 4 ^jj j_?-ll>5 JLLPj . £e-^>r~ja ll 3Jl*Jl 

J^-iJl jl Jj llA jA,.A.t. )J . a— JfCjtJl JL>o 4 3 JJU OliJjpa JLa| Jp 0>Ua j>JLo 

^3 j^**^Jl eJ-fc cl jz*~ < — ^5” Jjl j-A <1)1 j-Lj j . ^s»-tla cJJJjl j-A 6/c 

.^IJ^p ^ <\oY f UJ! 

. j^**^J| ^1 J^o**il Oul^ 1 K(^jt*»*>-)) ^ ^^jaJl |t-^l c£Ji>-l ^i 

^A^ 4 4j j-JLp ft^LJM Jua»^JO» J XuL***^- 4J-4 P 4_Lw> ^ ^ J^jdt 1 j-j«« jl 

4 Lj*JLp 1 j MtS j.ttS' A^jj\ ^jA j*S 1 J>-3l Juld . O^VlaM J5* ^3 L^JLouO^i <_> yLi^ fljLiil 
^lk>x^c^A«*l >»X3^ • ^l l ^^j^-ul c ^ ^ -+a 1 ^ii«i4 j_^j_> |i ^c-^L<-ll jl *y | 

JL>sJ La IJlA j . ^X.“w»ll ^Ualll ^ jw-Jl *ljj>-l Ajt»Uc« jl ye* Jp o jJLxJl p-lj^-l Jl Aj^tuJl 

: XJUl JsLII <drl~ ^ 

: Jp L)1 ^ ^^1 Jp ^ ^ ^-XiJi ^JL Lajxp _ ] 

\<\ 

V.o 

Wo 

YTVo 

VUVo 

*’0<\tV 

0 >UpUsl« 4la«.*l jj 4 j-a j . c_iJl <Ca Jyi Ujp- O^rvo I Xul^lll <>*oJl tX* IjjOjj 

. N tjiV jliAp'yi t>L<k«^« i \ ^ 3J-*Jl ^1 1 3J^J1 £-jTji 

.*’A\Y^ t\ , !Yo t f’Y o t I’o ^Jp JloJL ^ ^-X*Jl jllp _ u) 

Lu ^ jA> SJbJLP ol jA Jus^ti-I ( Jp S j5Ul JLajj oJ r ~ p 3JxJl ^P -bjj cJ SsJ - ^ 

<jL J jiJl iJli SI >\ t A’o ^Jp Ju^xJ o jJLp ^ \ Y -j 3Jl*JI uuj^aj : 

u ^iA Laj \'\rro = v\ x MA'c> iJUJI U^il uf .V^ u ^jju 

Ji^>-1 ^jA LaLo ^^-ll ^XAjjJaJl 6 j_A_j . > j-^aJ 1 (^ji*X-k ^ \ j * ^ j ^ 

^ *\A0 , ^ |p ^LbJ 1 ^^P ^Ji *. <a > x»*3 AjLLm^^^ >Lu^ . 3 Jaj j j m S 3»Xp c-J 

.a^JUll Jl 1^ 3 UpVi eJlft .Y W’MAAO c \ W\oro 
JlJuL 1 JLu 4 ciUl j3 I JL^Aj J-^lJ-1 q a j t'jLs> \ X 3Jl*Jl {jA ^j^ojCj - 3 


<Jf; jjJ\ L .A Jl 1 jJaJl . £ AA _ i A \ 'Jjp t^JLL^Jl *_>L*J-1 ^ J J „,a a ,11 t^^JuJLiVl ) j-laJl ( \Y*) 
Al-UqlldisI, The Arithmetic of aUUqlldisl. : ajjJLSLVI 

. Xp jil ^ f-^Ll IAa ^ jJLp jDl Jua^tll _^Aj (_£3JL*Jl JJL>mlJL ji-xdl ^.yaflll Jail ( ^ i) 



pi cj*j . nv \j.(\j±± \r ^ 1 ) ^ ^ i^. iyu. \r • ^ \r a juJi 

L ^ > - Jl _jl I JL* Jp J-— . . . \ W LjJw* U* {j* l»j^- 1 IV 1 j jjuJI IJL& J j_j 
. ml u ^ \*j>- nvvrv j v ul>. j\\ v’-wtrv : ui*ji t-mi ji j ^ _j i 

yy J( V LJ4 (JLp Jp ^»fl jjtJI 

4^-Aj j-^y 1 OjUil J5 A-UjjcJl J| jj jJ>-\ *Lftjp JlAj ^-^JLliVl Jaj 

JL-pVI oJla aJLp cJlS” . jl LJLajj j! ^^JLa j*l cJlS' <LlJlU : U y^\^> 

LpJjLo J ^JLlil J yfi\ {j* *1 j>-I CJlS’ cmL—A-l |»J-P ^ ajlA jL^-pVl |*-*l <1)1 . A--ujJJ-A 

i )j j-*j* JL^-pIj toL-«JL l ^ \ * * j*UJI Jl j->-) ^ 5 -*^ jJ*l ^ j-p-Lp jJLjJ .... -t »l |*JLp 

YU. YAV) SyljJl ^LJ J ^liSj toLJU 1Y fUJI JI ^) ^-uSL-Vl 

.( f .j 

JJaIj L>" J ^- 4 J| ^LlI^VL) u->L— uL| ^—Lp jjJalJ SjJLaJI a -L a ^3 

. aj^JliJI (Suites) oLJLdl 

iii ^ LoJaJI (Progressions) oUl jjll £ljjl JUJbJl Lo^jJI ^ j-^ill <_$ jJ- 
<jl JI LflO j JL>- ^1 a *j ^yJl jl AL)jJ-p ciL£ L^-f - 4 aJI J->- ^la w7 ^^lll JLpIj^JL 

oUl jJL» 3 J « 4 1 1 ^JLp J-dJj . J-*aVl ^ <*JUj£'\ JjLJll aj-A jl ^J>\y\ i jAj * A-Jj^ 
La Jp aJLsAsVI a jh&]j JL ^pVl pJL*Jl L*j j*m I j.ft.^3 C-> jaJI jl Vl . Lo Jp- 

^jlJl ji-Vl 4 ft la )bD lijU- 4-ajLvaJl AmiiajJll j^ftl j-JL# aj -JT Jl 3j-«j» dJJij . 4-ftJaJl {jA 
I j Am. Ji j_*Jl (jl 4 L^pLhjI ^yJl aJ^aJI JLP I yA^\ pLla-plj O— »LS" 

l JUJJ l -L a a jaAA 4jj£& 2 ^L-i jf tljlA-Jj ^JkJJp JL>o L.*..> ^-5^ J->- J| jjJ*l jjL 

. MYliLoMjl j| ((Yc_i-S^J! jl ttYlSllwJl oU^Iaj l ft. .,...“ 

^jA J~£ 3J-P L& JL>o (2 n ) n ^^y AAPUll aJI^L* JlL« AIap Aj3-Xp d^LJl yA JLla^j 

I L^Lo jll>J t LoL— i-l oLaJjII 

^ajxil JLpI ji Jj>J jJfcLU j^V ^ ^ALft^iJl _ \ 

n n n n 

E r - T,’ 3 . '£’’< E r * 

r=l r= 1 r— 1 r— 1 

. usui jIjuVi ^ ji -*iu>yi 

. ISUl £j [a\I p\ j^l jiJl j>j* ^JJI ^bu (n) r -l J lI'_ y 


ti'j-’l y* 


,«-UI j VL.J £ yLJ-l HSA\ : Jtu\ (\ 0) 

IJ-* u"'-*' ■ « I ^-; j-» ('"l) 


i«r 



4 tJkS' Ij (jv— . <■— »> 1 ^ z.»l frjkjL^ i ^^L$33 u»*L m . ^ 1 — Y* 

j $ LaUa.~H ^151 J^-JLj ULs-lj ^jrv-SjL-Jl y oJLall Jltf-I j_SJ1 4— JIp ^.J aJ 

. y: >- ^y*A*LiJ ^1 l^.«./g * > <1)15* (1)1 j JlpI jiJl a -L a * — i t J Li . S 'l «u*jtJ 



—JUJSoj 




( ^ - S 1 ) |iJj Sjj^dJl 

t ^ y JuJ-?r y-)JI djly- 

. (r 1 V ^ t dJliJl JL*-1 4 J 0 t <^l ^ (jl^j Jj) 
dJLu 43 j ytii 4 a-^J|j <Jl£-^li d. I t * UjiH y Lf^"j^^ <- fl . * . t5 1 (lit -)-*J 

t oLS' 1 jS y* <, i_L*J 

J- Ji iiLU y £^-y li* j . jt-^Jl jjJb>JJ 4—jylJi £waJ1 y2_*j 1 j*-J>jj 
. a £ IV d» : >- x n = a iy-uJl <bUil 
! 3 JL»l) ^**1^-1 j.LA-1 ^1 y«2*pV (Jj-L>- -L>*j 5 Jj-^i3l 6 -La yj 

a U* A<U AO W* 


t olJu*-v pJu* JLi-1 jU t *yl — jM ^ y <_A-i'VI p— I y 4 <3 yS\ y Ijjl y u^L ^ : 

. (\^A\ 4 4*>yJl tcdU- » 4- . !» ■) T s^yJl y ot-Jyj yda> 

Dictionary of Scientific Biography, 18 vots. (New York: Scribner, 1970-1990), : j— la — il (W) 
vol. 7, pp. 531-533. 


Ui 


l$Jl 4JU5 oJI LaJL>J ^Jl ^p^L>«_4JL] |j^- J^a jkJLiJ j 

* ^ La j>*j 


^TO = i(n 2 + ra) =^(n + l); 

m=l 

A 

™ 1 
y] m = (a + n). - (n — a + 1). 

m— a 


1 + 3 + 5 + + Z “ ( 2 ^ 2 ) 

A 

2 + 4 + 6 + ... + /= ^— /^ +-/ 

X 

2n+l 

^ 2 r = 2 2 + 2 3 + .... + 2 2n+1 = (2" +1 ) 2 - 4 

r= 2 

A 

2n+2 

22 2 r = 2 2 + 2 3 + + 2 2n+2 = 4,(2 2n+1 - 1) 

r~2 


2.1 + 2.3 + 2.5 + ... + 2(2n - 1) = 2n 2 

.0 

22m 2 = n(n + l)Qra + ^ = n ( n + |)( n + l).i 

i.i 

= (» , +n)(j + i) 
X>7X> = |»+i 

m= 1 m— 1 


M 

n* 

II 

H 

.V 

: (N ombres polygonaux) ol*JUail 

ilJLcl .A 

: «JbJI ( \ ) i-UJ! oLJ-l «JI IjdLI J 

1, (1 + a), (l + 2a),...., l + (n-l) a... 

0) 


L-jlpj . n + -n(n “ l) a : j* A J 1 + (n — l)a jj* ^UJl JL+I 

:oUl+dl Jp (Jljdl Jp) c4 c3 c2 cl :giil! ^1 JljJI Jp a J 

too 


1 , 2 , 3 , 4 ,... 



i 4>c£>c^aJl ^I.ApS/1 aJI^L* 

1, 3,5,7, ... 

c aj^ ^aJI ^IjlpSM aJI^i* <^a j 

1.4.7. 10.. .. 

1.5.9. 13.. .. 

jUJIj JjS/l pj cjUJlj JjVi ^ iJjVl) (0 aJIj^I Ll-^ isp 

1, (2 + a), (3 -1- 3a), (4 4- 6a),... (Y) 

jjti n a_J J l IS LaJL>- jl jf J 4 «J| ^ 1 SJu JL>- a L... ( _ J J& j 

6JU^jJlA- <l)jJL J i«)/l AS j . n 4- \n{n — l)a t n ijjl cr^ ( ^ ) ^LJLjd! 

. «oUJUl! ^IjlpU jl «4*JUII aIjipVi* p^l (Y) aJlJL-iII 

Jj> JJJL t4 c3 a il p-JJl (Y) aJI jjdl ^ a £>lJI ,lk*l jul*j 



. in.l.i <«!«ll 

1,3,6,10,... 

(Ly) 

1,4,9, 16, ... 

(u.r) 

1,5,12,22, ... 

( C -Y) 

1,6,15,28,... 

(i.Y) 


. (^ . J ^j-*oL*Jl (1) JjJl) J} ^ 4 J-**^^l A*jI->^J o J-Aj 

ji (I. Y) aLJl^iII ji q/> jJb 4 ^mjJLa J^l oIS aJL ^J l Aw^LjJl p**Aliil 

: aJUIS’ a-jj 15^1x1! cjLiJl 
• " * 

• • 

• • • 

• •it 

Ja^ci (l^.Y) iJL-L-dl Ul (ciddl JiCi Jl J-J) t AJLlill ^1-uS/l U ^>Lp 

a^LJ- 1 oUUll *|j^t (j-.Y) iLJLdlj «oU,J I ^IjlpU 

Jl A-«*jJLi . o!>LJL^dl aJLa ^jA JjO ^L*Jl JL^-I JbJL£ <J y>- <Jlj-%«Jl 

: (Y) 

r 4- ^r(r — l)a . 

a 

ien 




! L»jJ 


J JU J 


E 


r-(--r(r — l)a 


= \n{n + 1) + \ (n — 1 )n(n + l)a 
2 6 


= -n(n + i) 


1 + 3 ( n ~ 1 ) a 




: Ajlil! Jp 1 <uJLil a cJa.pl ISI tC~ 

in(n+l)(|» + |). 

. dJl .... oLu jll ^IJlpI ^Jp 2 cJap! ISjj 

JLpI jS t ^wjlalL ( J .C.4 c-» jJL*L ^ jA LU ^jjl ^ i aw£ j 

,l» J toujil* J «AChll» ^IjlpVI o^LJ^c- ^ 


E m4 = E 


m 




m I 




= ——71(71 4" l)(2n -}- l)(3n 2 + 3ti — 1). 

oU 


: (Nombres pyramidaux) I^a Jl alJpSlI . \ • 

t jJU<a.->^ L^jJJ i ^ 11 . . .(c— <.Y) t(!.Y) c/>LJLcil 

.JLLw-S . ^IjLpSfl La.^ JL>- I a JU JL>- C^^mJLmCa ^Jp 

:iLJLdl Jp iS^ (Y) UJLdl 

1, (3 + a), (6 + 4a), (10 + 10a),... 0T) 

t4j 3 4 2 1 1 ^-JLl! J! jJl J-p a c> : Lp! lili . ^ Jl ^IjlpS/I aJcJL-c« j 

: jb o.r) j (^.r) 4< v .r) 4 (l.r) o:>ULcLi jp uiy 

1,4,10,20,... (l.r) 


p^pxli ^JLJLc* 

1.5.14.30.. .. (^.r) 

1.6.18.40.. .. <£.r) 

idV 



1,7,22,50,... 


G.r) 

• I JLwuJ I 4L<JL»m4 ^ 

L-j L^i4 La*> J^--a]| 11a ^ o^LJL-i* ^aLU ^1 ^JLjj 

■ji 

3 1 

- n 2 — - n : yh (^-. T ) ^ n iJjli jS jJ- 1 - 1 
z z ^ 

2 n 2 — n : ^ G. Y ) ^ ri L^ll jS oil . c-» 

: Jbdl JiLJl Jp oLcUil :>Up 1 ^ oUt>U! y*lt ^1 {J*.\S 
: (^I (n — 1) aJJl! ^ Liill + n Ljil ^ Liiil = n LJJ ^ _ 1 

n 2 = ^n(n + 1) + ^ra(n “ 1) 

OJLdl + n a-JJl! ^ £>L*S/I ^Lj) = n LjJiI ^ £>L*Vl 

t((n - 1) v J>\ 

^ n2 ~\ n = n 2 + \ n (n~l) 

4-J jll i y» vli- d l + 71 4_J jil ^^4 £^il) = 71 i-Jji! (J-* £^L^S/I ^ 

:^l t((n- 1) 

2n 2 — n = n 2 + n(n — 1) 

: j»Ip J£Ll . ^ 

(n — l)a + 1 = (ti — 1) L^ll ^Lail - n kJ J>\ y 

iS LI * I $ 4.^v n'tj l^-* « j»li jJ^LU ^jjl jf 'b/l t 4-Jljjj J^S/I ^ S 

: (r) LldJ ^ jJLli ^ -bJ Jl JLai 

5 = ^n(n + l)(n + 2)+~(n- l)n(n +l)(n + 2 )a 
6 24 

= in(n + l)(n + 2) l+i(n-l)a . 
o [ 4 

. <w»Lil 4.<^aJl cl f-LiapL O.Y*) j (^.V*) t(f.1T) oLJLdl ^.»...~j Lt 

I Li' La J 4 jJUa1I ^IJLpS/L 4-5JL»lil JLpI jjsJl ^ 1 JIJ 
~ 7i[2 + (n — l)a] : LJiJl n L^ll ^ jL-I J^Lj LJLall oULdl ^ . I 

£oA 





S n = £ n(n +1) [3 + (n - l)a]. 

! 4^-jtll <*a ij^Jl oUlrdl 7i <Lj jil j'a jlM (J^Iaj . c — > 
^n(n + l)[3 + (n- l)a], 

! jJt <J jil oJjh 

S n = 4 n (n + l)( n + 2) [4 + (ra - l)a]. 

* L»a jJL»- ^ y*^r j>L*Jl La jl>- * **- * 

4 OjIj -L>- l_j J&- /j~j jiil I > k . . .>- i AjjJLxJl oLJI yll 0) 

. 1 J ^ " i ' t JLJI -L^L- jl^ ^4j (3 1 1 oLJI i^ill ( Y ) 

. oil JjLJI jJ-I J! jb- o-J oUl _^ll (r) 

4 2 ^jL*W L«J t A^-l *JL>" ^4,444 t ^. , 4> I AaC.1. All oLJI i^dl ( 1 ) 

. v^Jlj **JUil AlapSlI oLJI^ : oUljdl (o) 
:Jb j! tr(r + 1) iJ^ll Jb :5 jpU 3I oUl^dl (1) 
1.2, 2.3, 3.4,.. . 

: 5JUJ1 jipI^sJI 4 ^Sll £jj| IJL* ^ OlJl jdU JjJjCU Lo^i J 

1.2 4- 2.3 4- 3.4 4- ... 4- n(n 4- 1) = ^n(n 4- 1 )(n 4- 2) (!) 

o 

1.3 4- 3.5 4- 5.7 4- .... 4- N(N 4- 2) = — Af ^ ^ (Af 4" 4) 4- — 

. b jJu bJi* AT 0 j£j d~>- 

2.4 4- 4.6 4- 6.8 + .... 4- M(M 4- 2) = ( M + 4 ) <£> 

. L>jj bju- iViT U .i.fr 

: JUl J* ^ 

1.3 + 3.5 + ... + (2n-l)(2n+l) =l(2n-l)(2n + l)(2n + 3)+i , 

6 2 
4 

2.4 4- 4.6 4- ■■■ 4- 2n(2n 4- 2) = -n(n 4- 1 )(n 4- 2). 

j 

io^ 



® U^> jJL> oLJlj-Al ^jj* ^Ij-iSfl o JL a Q-i ^JL*_>.3 ^^JitSLlI L«I 

. Js A* l lI->U-**-*J U*P jtSl ^JjL^oJ. 1 A*PjJ l >~J-*AJ jilSI J-naA| 

lii *AlP <_$^-) ^ c5*?-i ‘L>- Jj j*^ ^Aa <_y UU> j UI ^jlsuj 

<. (SA) (Patiganita) bJUjUl ^ aj*-jilj £~«1 >AIj jJUul! JaJJI <1)1 JJ U* . J*UJ| 

d — <Xij . oLJL-4 J-sA- 3 ^3 {_£j-*Sll A»A>Lp ^j-*^ j^a j»Aj «^- , UH jjAl (_£ j— ** V 

fiJlA J_4 <3 ^il-a jJl y j ~r{r + l)j 7* 3 J 7* 2 J 2 r OVLJLJJ £w*b£ AjJLLfJl oLjLJl 
aJjLJI <^s^LjJl JjLJlI oUl jill 3 j <1)U 4 l£ j-^“I dr®J . o^UJL-jJlI 

Uo.La- JJLU . A->jjJ»*J! oLJl jjdl JlpI jJ I jJa.pl <jwlJ jJl <jL> (J j-flJl j jXj j . JlSJ_* 

J ^ J1 u jJ ^JlpI Jlij . IJ-ap JJ Wo ^Ld! J1 j_>- (Hypsicles) ^LSL~~^a 
a-^U- JLpI jZj ^2 r 2 ^j-^d.1 SJlpU tUj-sAP j_* jllll 0 jJJl ^ 4(Theon de Smyme) 
A^UaLI M»XpVl \ • * Jl j^-) jP-la ijjL^j gJlp Jl3j . AaUaII lI^LJUiII 

UJ-A J oJUall ^IJLpS/1 ^ LaJj* L--TS Jj ( _ r JaJjj3 j! US' . yfcUa ^1 ^UJjJ JL^d Jiwj 

• ^yr\ o^i 

^JUu UtJLo <y j-fJl *U*bU 4^-J J_P aJ-Lx-o-j ^ jJ-La jJLJ j-SUj 

. U- ^J1 ^Ijlp^I j AxJLvall ^IjlpVI JU^ (^VT * j YA* Oy^d' (Jamblique) 

* — . « ./»ll ^j.4 j Jlo LoJ . aJCjj j^Ua^ Uii^l jlS <_5 j-*S/ Ij j-aU> ^1 <1)1 j*^jj 

^*Jl aJC jJl ^jUJI ^jJuj . <Jl>«ll 1 JLa ^3 aJl^sI <J U-pl ^ja fiLaJii U jl>jl^ 

oUUdl y> jJb 1 j^ali c--» j*Jl <1)L jSJcl\ JJ jp Ju ( ' ^(Dickson) o yJLs l^J <uJJL ^JUl 

Jl>Jl li-A ^3 (jjdi j*L^-)/l jU jJ 4 j^l 

< jJl»Ui» j ^>- JSlS" ^lUJJ AiUJl (JjLitdJ |» ^ <1)1 Vi 4 ~p 

A-w^> L)J If ^3 -sA> A> fc JUJl oJiJhj . A^^Sfl JjJ IjUkjJ j*£aj 4 J-jC-dl jjjUllJ ^aU- 

j^p V Ltf- ^aj 4 A.aladl ^IjlpS/I o\jUm>-j <— « »m.‘«H oLLo- <JU^ J^ 4 

. oJjb Ul>*1j3 3j J_>- ^ L^J jjuJLl J1 j^ Vj ^Jjil lJL/b j^a ji*~l Jj-A3 ^ L^A-U^ 

Oj jA JU SJLjLxJI 2UL-J-1 JjL-JlI ( jj» Ljt.xa j j£~* 4 jJl aJ»A U-3 LJl Vl 

oL> a 1>- ^3 l^aJjjj 4 dl,^:ll ULa-l J jSsjaJJ Uajj j j I aU ^yJl Ja-urfjJl 

. A-JUaVl <L>- J— Al L$lU- ^-P 


Sridhara, 77ie Patlganita of Sridharacarya, edited with english translation by : j la. )1 ( \ A) 

Kripa Shankar Shukla, Hindu Astronomical and Mathematical Texts Series; no. 2 (Lucknow, 
India: Lucknow University, Department of Mathematics and Astronomy, 1959), 

. li \j,j aP y \b * j i—iljJJ ^j^Ip JL5j 

Leonard Eugene Dickson, History of Theory of Numbers, Carnegie Institution of : (W) 

Washington; Publication no. 256, 3 vols. (New York: Chelsea, 1952), vol. 2, p. 4, reprinted (1966). 



. <T,) aUSc]l J jaUs ^1 gr\j : JjSfl ilLil 

: j j£j (N < 105)iV cj bj a aIjipI bjjJ 

TV = a(mod 5) = b(mod 7) = c(mod 3). 

j ^JLp (^1 /c 1 21a + 156 + 70c — 105A; = TV y* j> JL*J l : <_j| ji r \ 

. 105 ^ Jil AT j <1)1 

I U la>-^j i c-iljil (jLfcjj ^jp a jli> ^^aIj Ul 
21a + 156 + 70c — 105 k = a(mod 5) = b(mod 7) = c(mod 3) ( \ ) 

21.a = 3. 7. a h a(mod 5); 15.6 = 3.5.6 = b(mod 7); 70. c = 2.7.5.C = c(mod 3) (T) 

jjio TV Si b-Lp ' JbJI J-p ‘CLaj j Js» » — ^j-JLj 

:Sta 

TV < 130 j TV = 6 (mod 13) j TV = a(mod 10) 
i -l>-b <1)1 LJL^aL c(jl>-IjJI jjr ii jlLa p-wjU L^J ^ J jbJLp 13j 10 cL**>-) 

13ma + 10n6 — 130A: . 

lOrc — l(moT 13) j 13 m = 1 (mod 10) : ji Lll n j m jbJixJl 

: L»jJ j j£Lj (<jb jl L)1 jjl* <1)12^4 jlilil) n = 4 j m = 7 ii^Li 
TV = 91a + 406 - 130A; . 

(Jjllaii! j . (Congruence) JjUaJ iJL^ L^JU jk 4 jLil 

l/ Lu>- l^L- c^ 1 ^ 

. (^>t_^j>«^aJl ilJLpSl oLJL^P ^ jJjuJl JJLp ^ ciJLpxS') gjllJl 

jl\ <j ^1 (jl 5 JLjLuJ! 4 ll oLaJjil JL>-1 ^ JL>xJ 4 '^(Needham) ^LaJlJ 
<CU — 5 Xp V j r Jp 41^J JUP T J^Uj aJL> ^Jlp ilLJk ii-lio* U^AP J-i 
. yfctl* <>J^ J 5 *' ^ Ji M ^ JLSil JJ-lj .V JULp ! j o ^jp 

tiOi j . (1 ^-aJI {j* ^s^LjJl I JLa o j £. 3 jl V 4jLtj.ll Iju 

C L^LJLa Lp jj» Jl3 <1)15" lj J.«jap ^4 J jVl <1) j-il I 4 c5^ ^4 ^>*1 A jij J <1)S 

. (J^Lr ^jLJl ( 1 ) ^ill ^3 LjjpL^ljj 

. 4>-Lll J XL*j £ ujL-LI ^ 4L£dl : >il (T •) 

Joseph Needham, Science and Civilization in China, with the research assistance of ( T > ) 

Wang Ling, 6 vols. in 12 (Cambridge, [Eng.]: Cambridge University Press, 1954-1986), vol. 3, p. 119. 



\$SS’ p-rJ ^ ^‘4^— Jw|B jI ft 4 ia ^JlI oLv?lj ^JU JjLw^« <jl jJl^jj 

Ju3 ^jA JjL-il o OJ-dll J jJJ-1 ^Ij . ^US/I *wdJjj^ ^ ^Ul Jj-* I J-J-5 

! (j^j| JjLJJ aJjfc ^ja (3 j*~j j • iwflJh.£ j! L*Jta 4jdb>*il 

o jX, *JI yL* ^LpUlU ^Ji OljjSfl ^ xuJI : A-JUJI SjLil 

. oA>-j YVj *\ 4 Y* 4 ^ jljjl ^ * J-* v— >1 J^T^J ^ SJl>-j (jyujl 5 jc*A£ Ifijj 

SJjLiJ! lLUJ o-l?-lj aJp jia^ ^ 'Jl <lL-JJ dJL* Jl >- jj *)l i Il*Ap JL>- J-pj 

. (TY) ^b5ai ^ju. 

IT ^Lsj* W ^j-p SjLtaP jj* kIj jl aJLp dLS' * ^iJtiJI aJLmJLI 

UJU- l L ^J>\ ji}\ ^Ul Ulj 4 1$ *->«J <lJliJl j L^iLj (jUlj JjVl J->-L <S^u 

LS * i &[ji}\ 4. j! ^ Jd-lj * ^j- 4 c£l ^LwmI 51 jl j>J J jJill jJ* ^ 4jL 

T *1 ^jlillj *V dj^n viujjJl «i>-Li 4 \A ^wxJ 1-A-* ^3] 

• Lf^ji ^ cr*d . 4iL,i>l (^dJl ^s^IaJ! 


4 JUI JLP ijJajl . L«Ji jiS 1 LaJj>» <jll5T ^ Ull (YY) 

J^t J 1 LaJl 4-J Lm ^jj A*4 

AjI ^ l)l .A ^ m.a 4 i 4 jo*L>- I 4_-JL>-) 1 *t ijjjjJl oL-^LjJl ^JjlJ ^ C>L»I J^l. ^a 4 t Jl A»^ 

.Our 4yyJi ^1 



_\\_ 


J — • 





r«j aw ^ L.- Cr ,ui bj * Ji <bijb j ^ 01 

aJV-LU liiJSj 4 (jl^-P ^3 A*»JS^ ® ^aJU -5 . oU^LjJl ^Lj jIj ^3 ^jT 

4 A***j3j eJjjil (JjJL IJlA . <Ls^3 lj^-1 A^lAlJ I La j^jLuj l 1AL»JT aJ^«JLa Am^Lj 6.0 La ^J»P 

^ A**£J-I C-~j *LapI ^ (ijA ^ll j -s tf a J lj ^^JjjJIj jJl 
. )«aJUL>- j l^Lm^-I 4-4.Ja.LI I ij^ l>- i Lb£ aJLUIIj ^-J-l ^j-a c-utll® *. ^Ijjo 

cl— >«JJ jjiJl ji!l ^ll) Ja--^ jJl j •✓» »Jlj i-jjjd! oLLJUJl j ^jJUJl ^jjIj jS j* ji> JL» (#) 

. yS j& 4 jc«L>- SllJj (^jJLJl 

. ^ jli J-sAaJI iJLfc ~*Jt^ j^i ^li 
I JlA c-ijb Jp A~>- l£ ^ jJLJlj <_^>b^U tj^alU AjiJLLI ^px-U j JJb jS JL* AjLlS" ^yt jjl _^jLl ( \ ) 

a -L a J^L>- k-iJl Jlik ^->Ll$UI jj-Sb cJ ^-< . ^ATV j ( ^«Ip o^LiM j^«ti! JjJ Jl5Jj . k— »L l£JI 

.✓?.■« Jp t aJLLaIIj j *£ A u*L^ 4 _^-*Ll ij^y* 0^ aDI . > . p ! jJojI . a yL&]\ 

. ( \ W ^ 4 ^ ^JL*JI <AS 4 <Oj-^ail <*JJL| ; SykUJl) JLA-I y* JU-P j ii ^JL* 

cj I ^ jl^JL, ®aJLLS 1 | 3 j ®j-JL|s {Sjti J*J La j 5 jL . aJLIaIIj jJLl ^a i— jL^JI <jl_^<P (Y) 

: < 3 aU 1 I Ui >4 ISI : JLdl Jill Jl bb^-l U^ f » ^ 0 i^ Jb ^ SjiL - J! ^ 

‘ c > rf 4 i~>» x 2 + c — 6 x = d 

x 2 + c = fcr + d : ibUil ^ 4 ^^ ci jJaJl Jl jiail jJ-l JZ LJU-p jjh _,JL| 

: JLJl JSLiJl Jp S-Liiil ijJbM aJLUILj 
x 2 + (c — d) = 6 x. 


nr 


^ n ^ 4 <~z jjuaii : >:! (r) 



<-Jl£ ^1 j . LjjJbJJj y-jj* »— il c ^laP c^JlA- Ajj 

vLlS' dLLI L4j . cdJ L j jJLl! j! ( °L jjUl JJLIS ^^Lj Jp ^jJ-I Ula ^>1 

LaJ L-jI 4 4_— M-Jhti A^-x jLLlIj A-JjpJL jJJ 'y 4 ^L$Jl jJL^ax J^JL> 1 «La ^xjjl ji^-l 

L->~l^-I I -La . j>t>L^AJ jJLp ( jpDl j jJaJl 4 Ljjjl oUJLj LiJ^Ul aJLJL 

la yi\ji> jl c >l a‘ J y L-S* 4 1 — >LSLl j*j[ju y j ^-j&IjLa y o J l^-I LL . LjPll? ajjLLw (jL 
oUJjil y ^ jj La Jp Lx Li dJLILj 4 L» ... l l a^*pLjJI oLbiiiJl ajjjw> LI ^x 
LUL—JI oJLa * (JLil Jy* Jp ^x-uLV oJjIaJI lLLLS' 4^4. -,a!1 a^L^JI 

J->-l jjJl>- L| • j->*JU JLJUM ^sA>LjJl iilj^Vl Jl JbJl>*jJL £ jxu A-jJLftlJl 
LL j-salp _l >- 4 aJjLJI oL^L^Jl y 4 Li y ^ j JLuJl JIjp«j aJLj L Ji Jlic apj jJLa 

^ iApij L-5L . ^L>>- ^y 4, « 1L> j i^3 « P^ ^yx JL-b j 1 -La ^jX 

L j L «J1 oJla lC a L-3 . <—j jJL-Vl Ijla Jjl®-> L*J I aJL^J im&JIj a^LpI ^jL Jxp ^1 

? f Ji£ll IJLa jjk 

|j_A A 2 ; «x ^j-X JJ-^U y lit*]*! ^ 4jw^Ij C-9J-A LI 

JjL~a L$-Jj jJ LI 4 jjJLJt-l a U .xljj J>Jli A_Lli o'y^L.x LjiaJ *LiJ^j 4_iJL$Jl 

oLL-jl^-V l Jj! — - y L$xIji>*i-xI JLJLj 4*1 ^Jl Jp LxJU^JIj v-xL-J-I ^^-LLp 
muLI ^yx^^l 1 J ^ « « «■ ^ . ^Jl . . . ( c* ^ l_j^ I JjL«<bX^ ajjLwJI (— ^^/^L-Jl^ 

C-» j-s^aJLs! Ajjla.H aJLa ^ O jiajJ #aJjS[I ^jIjCJI® ^ yS\ A-^_— J L Ju -L>«JZ j 4 AjllS" ^v^a LjS/l 
aJs-xIjj JJ-! oLLLaix LLh-wLI LJUSj aLLJIj <Jj^/I L>~jjJl y oV^Lll LL-Lxx ^Jp 
(^JLI J j-jj>JlI ! CxJtS^ aJjSI ! j-jLcJI aJla j . JL>JlI Ijla y ajjLlx ^ w ^—- 4 
^jLl jji}\ j A-j^>~ ji! (a 2 la‘Al) Lj^LinJl ^IJLpS/Ij L j-$-p*il ^yj ffA-^JLJl® ji #jJl^*U a l x. >x 
aJ^Llx ; p^jjhLLx ^xjjl j^-\ J^^l |*L y» j . 2! jLil aj*>Lpj 4 y/~ 4 - 7 - 4 x 4 H~ LjL--^-I 
0 N 3 LLI A-4J Oj^ll I^LL^J ^jJlLI oIjLJj aJLJI L^jjJl L^Lcxj 4 J^Sfl LrjjJl 
L| . JJ-I w LLa yj ^^(Algorithmiques) LajI Jai\ J jU-\ j ^^aJ^LcJJ ^Jaidl JiLLlj 

oljj l y _y*j aLIaIIj jj ^jA * t^jjlj^Ll (0 

iw-i5 jlaJj . ^*T iij jJl 4 TV ^ 4 y\a ./i* 0 ji iJx jJai^ t J-aI-^ ■ jJ*^l • jjx o L« 
j-JLl ^ j 0 jJa ll L)I ( Jp <L*-^-l <. j^JLL LLs^jJI t^jLlJl (j»Li£ ^ c— -Jt jlSJ* ! J-*L5 jjI 

ufp“L» ci-Llj -^xJ“l Ar— ^ 4J*LI* s J^i L^^ lT^* lS* S* Ji ^ aLLIIj 

ye- t j jJLiJI j 4..T<]| ^xLxl ^P j ^ tail cJ JS tL LL- aJUI JLp ^ uy aJfl,.p * IjJaJl . *dJL>- <iL 

4 jLrII 5J [Sj ajLju 9 \ J ^-jLw<I) ^y * T 4 ^..Mjt^il a^L C— «ijj LLazJL ^jJI «-J j-J -L»p 
IJ u^ obL-lJl ^ JbjU J^JUL- LJ15LL,J .W‘A- it ^ 

X*P exilic '. <) j^*l L)f 4^xjjl j^l 4 ^ y** A«jlS" A4 .Xax jSSj V ^jJl . ^>il 

. jj L| #L*— *i l»U^ t^jjlj^"! jx ^ 

.(^-^dl) .(Canonique) j\ J5 LJI L^jI ^1 J y (o) 

. (|>x- jdl) . ®C-tLxJjl ^d-l# ! ijjjJL J..»lll t^jjl 1 y A AT 4 « AjJjP aJ^!I (*l) 

IM 



US V 4 JjUAI {jA A-yl^V AJL3 Jjb ^^Jjl J^-Iflj aJ^ULI ^ J d a 
jli 4 (_£ J-5-I A$0 j^aj . JtfUil ^a lLUj j\ oIa Jl>- jjf 4 J^LUl AlP *>U> j-fiaj 
L^SCJ JLLP jl jJLLSi JLlP US A>- j^lail JljUI! J 3- (5 ^ jJy V ibUil 

fiJL^J ai^UI ^s^il I^IU jjj L^J Jj c aJj! j* jLaj IS^Uojl f- jlJI Jll* ^ jUJ 

U)Ul AJLmJI I 4A-JjS/l A^j JL&j JLaj 6 j^iU® 4^ajjl jJ-l ^Ja^-1 JLa3 . aJjUII 

! oV^UJL) 

ax 2 — bx , ax 2 = c , bx — c , 

ax 2 4- bx = c , ax 2 + c — bx , ax 2 = 6x + c 
aJla JlS £l>-jl U»jti la :ill aJl*_*oJ 1® ^ jJl a^-U L» ^ j $-a a JJ»ol ^ ( j->» j 

JlSLiVl Su» jlsM oV*Ull -Ub clJlU; UcJJl J! oN^Ul! 

: aJUI 

x 2 4 px = g , x 2 = px + q , x 2 + g = px. ( \ ) 

JusA^j eJb- aJU JS gJU> L-Aj . JjJLi-l oUajjljo t UUi J-*-> 

! aJB ^oUlll Aiil^a J-£* 
1 1 1 



©'>•*1 


JJLa (^JlI (^1) (Jill jJloJ>> <, = q oLS 1S1 <u! (A) ^-^r aJU- 1 ^ j 

. WaJL>»i^».a ilbJli)) «C q <jlS ISIj ^ « d)Ua.Aj V j S^lj ^ *1 j-** jl-U-^M 
(* j 4 -^“ lH J- f Wj-rr ^ c JjJJ-l cUU£ jf US' 

J^jJl a!j Jo A3 jJla L y>- jZu*\ J3 j j£j jl ^aJol! ^jA c JUil 1 jjb j . oloUil ^ jUj 

j»Ji j . jJa-* Ka^.^^-1 CwJ® UjjJl J| A-^ Jj jJls| j aJ 

J^J (jU^J ^jAAj ]a\ ^ULj L_a. l ^j . J^"l ®aJ S'ih L jj J,^a 1 jjl a j-A ^j^a 
(j| .Cj'bliUi! ^j-a twdl-*aJl (j~-A J £j~*\ Jw 4 AojjJail CJ^Lll ( jA 

c o ti oUjUI V AiUi! y{ j-g.laj cUllaJ! IJLa 


. JiUI (0) JLalJl Jiil (V) 
.n.Tv (^>1 : Ji;i (A) 

mo 



. LdjI ijAaZijji 1 1_.U3~.ll IJL^J ^4 Ml Jl bl'.:.il 1 UJlj 


: «t... « ^ jj-L 1 x 2 +px = g iLl*!! JJ i. ILJ 
^yut. 015 lil i .0 . \ \) pjj JXJJI CD = BE = ^li~l AB = AC = x 

tiji ; ^£OD ^>1 5 ^jLo DCMP j BENM j ABMC oUU-il 

: (,) JLJ1j Oj^,j (f ) 2 + 9 

1 



LS *J> ] Uj\\ jlJLil |j-^ ^ : .aLL* jl 
(J\ Kp^JLjlM j> j ^ 4 4 A_^U»j 4 JLjJL-A-I 

JJ j-t— ^ 4 

cil 4 <_P^“*" 

l jl L 4 I j (jl 

<J jJL>- J j-U jl clUS Jl . J jL* 

** j^r j- 4 U<ajl <_p (ajLajjI ^ p") 

j_^Li-aJI Ll_a j . JJ-I aJL*_p 

JJLLj • C 5- 4 jjl>^l CP A-w*iL*»Sll 

^L>- jl c aJI a-^-jJL 4 <— ^s>- j-^il oL 

cuilsi oL*>- c j^J- 1 LjJ-bu aJIwo <^1 
4 JL>-I J J aJL*-u> Jl 4 Aw* JJLA 

j - J» " dJLJS JLft-i . A-j->" ^-«a AJLlaJL« ^IJLpI LfS^LaL*.* 4 ^JLS^ I J-P A^jLtJl 4-P- jJ-ll 

jJlli jiip j 4 ^ la nil Lj5w Jp aJ^UlI . J lj aIULII - ajj-J-I oLL^JI 

jj^j dUi jlaj . Ijl^J 4-^LLl a^ojjI jj>jJ la . »~j ^*LuLj J^-l 
-U-I li-A Jl aJ y*yj • Jjl c5 -*-^* jl^J 4 

Jl lLL>- jl Jl* V 4 aLUIIj I 4_->L~>- ^ 4j Jaju U JS^ * jl 4 -*i£j jl (^jjlj^l 

. ^ IJla ^ ci>/> j ^1 ai*JI l-^IjjVI -ip-l 

^J^laj q/s xJ A ~J£jla A-uy|jJb oViU^li Aj^lxil o-La J-*jj 

Ju«l jjJl j+p ( jxjJu3 4 Ja-^S/I Ajj-J-l j^jL^lJl Jp c-jL«^-I |J-*J Ajl AIjN I ( j+j\ j-flJl 

: tJ JI 



(o ± bx).(c± dx) 


.YT . cA^ii ^JUill (<0 

. T V i * ai j.I.,.all ( ) * ) 

tm 




(Q + if liljLol dj <. C tb i O j it->- 

i-^ll JjVl iJjUAI Lrs* Cr* ^ylLA^j 1 JL^-i <LjI Ju *Lwj|j jJl flJUb OJb La^aj 

£ y *^\ i a jjp 1-La oS <wU^ . ajj-J-1 aijs^oj 4 {_£^J-1 <»— 1 | L»,*».>«Jl! 

JJ 1^*3 J-a.au (_£ (J j-stf dll aJLA _jiLl ^ul ji j . L^-u Lf^lJb AuOlS (J j 
JjL-II ajL^iII ^ aiJL-Lc* J-3 A-^jJLLjJl j aoJuJI JuL-Al J^>- J>-1 dr 4 LaLuI ^ydl AjjJaiJl 
. (^jl>b1I ^-p) JL-Jl JJb^iJl JjL**a <>! * *>- 4 aaLcII 

0 _a_^ Lr aJ j. , 0 . jJLS'l 4_uL~J-l £j-i5 cajljIjlj oil j-JLl jJLj_j UlSLa 

4 A^Ua Jy2.d.» dJLli j AaI j^aJI j ASjJl < jA JliJaj L^JjIamwA J^o ^u***«u AjS/ 4 ®A-JL-*5^* jJJlu# 
^3 jJb JjjJ-1 ^aJLwJI Jul^-1 ULa , (^mudLj) Aj^JLa A^JJLA ^jA aJ jS\ [*Ji J aJ I Lt^S" 
A-ia.^1 jj J->*JJ aJLUJI Ju>j ^Jl J j_£j>* 1! Culi A^uw^jJlj A . la Aj jJa_> £_$! jJl 

d)I jj3 4 4^^ 3 Lull dJugJ A-aj^lil Au^i-l Jp | CuLL**_i>l 4 J_jLHj 4jjj-i.| 

i 

. Jbu Jl5 ( 3 jJli-1 ol jl 4 Polynomes) oL^j-bM o jJi j ^Si 

j^Ial j ^ajjl 

JbjJLl JJbU IJla ^.jjl yLl ^Jl 6 ^iJl iJL^r 4jJJ ^ j 

A— s^LjJl oLiJjll ^a AjL5" aJjLL*j V 1 ^JaJL (Jf jcJu JJa^l 1 Jla Ajj .^a> <_£JLa j 

4. +*^Z~** JaJii ciJJi JLP . oJLxj I Jj| ( j^aj Ajj^Iaa ^ A ^jij L^jI jl Ju 4 A^ftU JlaJI 

IJl^J v-L-Vl ^!>ai Jb-1 jl Jl La jr^j . oJbo Ljg aiaLa J5d> e->L^Jl 1 Aa 

< oLS" ^Jdl jpl-^ . Ajj_-J“l 4^-lL>fcj'yi IjLj 4 AJJ JLvtf JjJ 4jlut Jli AJ jJh L->tl£J! 

^jJl)1 ajLaJl>-j j^“1 iS aJu a^*j^/ 4 j-Jt»L*Jl j ^ aJI j^aj ‘*S J3 Q«»i»»A 

U J 4 A ji J 4 J^-saJ1j 4 Jp JUwwAj ii Ji jjjl aJLa . Ai>*J I j_*jIj 

JbJbJl |%-p jJl J^j • (j^"jj-Jl l-}lj ^bdl j-; jL-aj 

IJLjJ ^ J? jJaji-l i^wkj a^LpV ^jL^j Ll«^j Jl l ^ J^p^u La jl Ja 

'Vj 4 oL«L^*a^I1 aJla ^ja JS’ JJIpxIj Ll J J^aaJI Ula 3jJL>- jl> 4iJLi Nj .JuLaill 

. ^jAjjljiLl JLaj ( j» j-JLl J jiall jjLxil jjjl jlflil iiA3 JjLwa Lul 
^5 4 A j«JjLa L^Jb' 1 A jliJlj 1^J^L>- jjilp A jlfiJl 4^.x^ t JiJ 

4 Ajj^J-1 oLL^uL-I 4 A-jj4^j^iJl oV^LaII Aj Jaj \ ^jj^La cJ jtJ ^ii! j LaIju ^iJI ^L^xjVI 
OjjJaJ JLaJj . ^tJl . . .^L-JoVlj <>^jVl J:l_A J_p „rr4“l j 3JL>Jl1 ^p JJL>*jl!1 

oLaL^VI ajjfc <J jl . a^JLaJLa oLaL^I 4 1 g -- a i oVilxil Aj ^ iaj C-JjLj ^iJl 4 ^jL>bj^/1 

^y+-> J-^ 1 aJLo-lxll (J^aI ^J1 ^^3 ^ y +~ j £- ^_a jj-^-3 t A^tfcib ^^^“jjl ^-^"1 A.Ai «jj ^jJl dLL 


mv 



Lo-j1 Ja-aIj-JI Jl I-Xj J_>- c a *<a.t ^ (^JJl 4 ^ ^JjJ ^jjl A_*—jI (^jJl ol^Vl j-fc j .’ ( _ J -*xJLUb 
JJaj Jj-ta J-*j S y y c*jU 4jjJ£\ ^jJI eL^'Vl Lai . yS yS\ y* La^Lc-^1 

^Julil J yj\ Jl ^iljJl alp Ji lj5 y\ jl dJUa . aLL- l^ ^li ^iJl ^ L>1 

A->- jjJi oVaUl A— -j J_La A^* jJ L j Aj^Lh^ JLjil Aj-wjJULa JyJ&l^j J-Lsj£ I j£3JLA LaJki 

ajj-jJ-I jLiLj-kJl yy y» Jjl j_a a ^ j! j! Lla j-S'JUL ^jJbM j . aJLJI 

L b jy MmOm+J 4 l ^ ««* 4 ) A>«...— J 1 J| jL^Jj l.^ |A t ^Vj_A A-J I J 4 A— jJL— £_)lj 

4-I q ..Jjj J-£ <1)1 x 2 H~ px = q AlaL*il jl jk-iL IjLj 5 ^jjl jli . L^-J-l JjI jJLU 
Jalj-a cilLJLl IkAj® . Jjjij a>Iajj ajI^i ^3j ♦ J^*^Sfl aoLlJI a) Lai I a— jakJl 4 — saJI 

x 2 = px -\- qj x 2 4- q = px jciaUil Jl A---JJL a j£i I jl *jj /' y ^« ^Ju| c->l>w>l lLILJ 
ry 4jUl aJUII y A*oLJl AwaiJl j AJlill aJUII y L~aliL| Awiill Jl jJl Jp UJbiw~a 
<Sj^T ^ J^“l cJlJ^LJlI 1 j ? jLa J^a J5 Jl A : ^ , J L jj-Aj^JJ 4 Jj-J?S/l 

^jjjk a^-JlI^JL L^>-l j>C^J\ JjJL aLI yA ^y l ^ A *3 ^Jl J**-*x A-lkJ.1 a -L a Jl— — jj )) ! J jL j 

/^V^L l^rl>^l 

jjjJLJl <1)1 ll*-X3 lx uy j lij® • p-AJL^-l JlL . bill a -L a l y ^jjl f-LaJ-L 
j-j-XllI Aj^LJI oC jXail «JlA y* S>-\j yS ^3 aJ J l ^•S/l Aj <JL>~ ^>- (^-LIl 

->/ AiUtf»l j-a j t J j-^S/l ^ ajLS* j- 4 iLoLJl aJUII ji*>ljl ^ ^JlJLil a^jjl ^JJI 
^jil jl kiiJij 4 Lo J^a Alp ^^AAL jl A-«l£ Jp -LJj ^ j-L*-a Ja>» Jl ^t>L^S/l jljl» 
c ^j^aiLJl j> (jLJl (1) jliil 4 JjVl (1) yiil ^ J Jill £^*0 j* ^jIjJI 

L^jl L« ctiJSj ^JsuJl aJI <— ftL^ll JaiLl <jJllJl 0 jX-iLl 

. <u) «*iL 


L-?” c dj'y iLJk A^JL^Jl a y ^j| Aj?J“ jIj j £ -XllJ aJi^P LJ l)^$L <— i y*j 

AJy jj Jl 4—3 j— -5 <1)S/ 1 Lai . Aj j-J-l -iLkl Ajjk-» J j-kj ^3 A-s^lJ-l L^I—^1 j g k- -* 

Aj j . kl . l l J j_kj ^j-mjL-jI Jl^JLj LsAjI O jjl j 4 JjS/l L-j j-4j CLLaljJ 4 yA yy 

jj'y j-M^Lca J-A J 4 JLaIH U - Al5k pJLs . j->JJ ^ JJ^J j-jLkJu A— -JLLjl JjL— a JJL ! L^mJJj 


Aydin Mehmed Sayili, Logical Necessity in Mixed Equations by ‘Abd al-Hdmid : j-kJl ( \ \ ) 

Ibn Turk and the Algebra of His Time, Turk Tarih Yayinlaridan; ser. 7, no. 41 (Ankara: Turk 
Tarih Kurumu Basimevi, 1962), pp. 145 sqq. 

JjA 4 (jlSLjj aL jkp) AwiJU^il ^Jl; jAA Jli mm* c ilH •^l^ * ( ^ ) 

. J T*0 Aijjll ((T*l\ 

. A m aSj^i (ui jjljJli (>r) 

<k jkji 4 J T ^ AijjJl c -L^-JLa 4 jxJli (jUa— xl 4 OTT 0 4 4— flljll ik jkP ( ^ i ) 

. ^ \ \ A 0 /_A 0 A ^ A^- j-J-4 ( Jal^ Jl tkL 4j J.— J-« 

HA 



Jl J ^ibJl v L£Jl jj-* <Jlp\ >^ll JjL-il L ya .*, J 4_^ jJ P-JL-J 4 A jJ 

0 J^J! 4_ullS ^ oijlj (K^JUtf#) y UajI 4l£J . 4 j ^-->- CuN-it*-* 

. ( ' 0) &Hi!l o^jjJl ^ ibU* Jl 

•l*Wl jjs c^^ajjl Jlli ^ e^blull OjJaJ 4-i OjjJaJ ^>-T LaL^I L^ljI jiJu j 

: j»l*Jl L^lSwi oV^lxil ^ ^JJl 

ax 2n = bx n + c , ax 2n + c = fex n , ax 2n + 6x n = c. 


. b* j^j juJl ^ J*l5^ (jl diiP °1 ^ -111 


IJLa jl 5 j . jj! jJ-l J-*-j (j-« jJj oLL^J-l OjjJaJ ~lij 

JlHJj . oJbu <>* ^j«Ul i) j^-^LijJl 4 *j JjLt (^*Ul IjLJLijI ^»jS/ Ij |*-aS/1 jA 
I Jut j . ^ jLu^j J<*15 C4^ 4-*oL-Jl CJJu (1)1 J| Jbl^llL <Jj-^>*il Sji o! Jb 

( _^V ^-J-l J*J1 • L*j^“ J 4 ^ jj! LkJwu L \j*p <J^^>«il (^ jS jj^-S/l 

coLiS* ^ £-aXj j4i ^ tj.** ^ 4 jjb JX-1 j J- 4 ^ 

j-j-p) JL,,JI JJ_?xjJl jjt ! jujl>* ^Uoi ijj-jJt-l oLl~J-l J| iib^VL 

LaJlIL# oVbLall 4 j Jiaj bJu£ ^JL*j d)l Jbu3 . jlajJ.1 ^ ...la^j^.lll Jul>*l!l jl (^JL>*il 
oUuaJI ^L-jVlj J-o-«dll JjJ^j ol ji 4 4jIjL^ L^Ji ^yill viiJj {jA 4-3 1 jiS] 

4j I . 4-U*>bM <L>*-lJl 0 jA JS ^ (j-^Jti ^jJub! oLjLj Jp 4-jL^»1 

4jbL^ J| J.4lL> (1)1 J*3 J-P t-uL^J-l JlpIjJ (1^-JJ OljLiVl SJ-P-lS Jj-JJ j-^-b 

4 tf la :ll O^Uil olS Jlj oV o^JLidl 4,j. la j-j 4 * la jl 



>/IOx 

(2 + \/3) 


= x — 10. 


:L3ldl5 


4 iLlS" b j->- j-3 jj-^j JL5 SJLpL^. Aj^JLP JajL^j #0 ^ J^IS" Jji J^-Jbj 

: C5 4 

n k , £v , ±2k. 

k=i jk=i it=i 



4 L^JI jb <Llo jjap) iJLUil J jmJ^I 4 f-LJl JL^P JL^i ^LjJI _^jI : ^JaJl (No) 

. A “ J n 4< r 

Roshdi Rashed, £>z/rc arithmetique et : jjoJl 4 ^:iJl ^ jU^. JUp J ^jJ J ( \ *0 
algebre: Recherches sur Vhistoire des mathematiques arabes, collection sciences et philosophic 
arabes (Paris: Les Belles lettres, 1984), p. 21, note (11). 

. jja . Jl aJUp 4la.«l^j I Lj^^j 4 ^J-l aJUp da-»l jj * Laj^ ( W) 

. 4ij_^l iXS\ 4 laya* Syl il» jJo^ 4 J-*l^ j^l • ( N A) 



. A-Jlil! 4>-jJli| Jl J j>Cj yJl JjL«A| qA JbJjJl ^kijJb dJDS Jajj 

AjjJai y OjAL* Jj c JaIS^ jj! j *-A jytj 4 <y jjl yM *LaJL>- jl 4 jil **i£y 

. iikdl j-i:- ^IjlpS/1 j 4.2 Udl ^IjlpVi JJL*- Jl (j j-JU l_jL-J-I jj y Li' oVjLaLI 

lJuh jjk: <> Suu \J{ (^jbJLi ^)" JL~JI jgUsJi dp* j,ii y l ji<r jloJj 

y* jdJaJl ^Ul JJUxiJl IJL 43 . 1 JuJL>- \juJ> jj {J**-* 4 L^a.d > (^JJl <1 )Ijl1I 

. LJLaJI SjULI odf- itU-Vl Jl y *>Laj JiLij yw>l ^Jl-I 


ejUiPj : jJL| 


Ol^uMl (jjjLJ oUl »j j*Z tj ^ til j^r I (>-43 ^--1 

. aJLLJI a yiJI y l$J L^ yJ yJl l jjl Jl I jjlaj 


( yA ^J-LaJI c^Ijl^JI 3*1 ji j-»p LI 4 a Ldl j^-P oL^iJl ( yji yjjLlJl y La Jjl 
aJ-A y Iji jLi yJLJl (jw^LjJl y (J^J • 4J.Al>^» y-I Jjji* J*>L- y j\ 4 Jj-^Sll 
(^jl y^llj Ojl ^lj 4i*.*^3 p (jj jLaJL^j (jLAlili *L» «.«»S/ 1 ^yAj ^lt* wj i ljIxjSII 
^ U x ,j£J 4 j*- t =L«L4— t li» ^SUi Mi ^jJl jyj . . .^jwLfllj c -i-jj ^ bs-jjj 
J-p oLL^dl l ^ * * * jjk JjSfl . oL^ljjJl ftJLf- ^L2Jl J^L?- L» jiL j\jJ^>- 4dL>-^L« 
j^LaJI fc— J j^ai ysLmd 3 Jj JL>- 3*1 y 4 jIjLj ya>JbJ jliJl lit 4 iikll jJ> oL*iGl 
JJjuS' di>- Lj 4 a1l*V| y ^j&j •tyjjlji-l j-r^ ci^ 0^ 

^ yu^yll jJLi-l 4l%>iJl y ^jIaIII t^a J>* i*j! yJl i^jiaJl J-p-j 

jt jLblll ^\r-M (Apotome) gj..^ Jjl jJL>- ^J^jl^j . (Y * ^Apotomes) 

JJ J y>^ii3 6 — 4xy j a = x + 2 / : ( a-^J jt (j\ (Y '^4-Llill j J ~J r \ 4jL^J* 

I Jp JsA>»j j ya xq j^ jdi-l dLlS Jaj . x 2 -H — = ft# ^ aJ^IaII 


/a- Vb = y/x^- y/ito . 


j 4 J yt-l« 1 4 4 JUI 4-ajjS/I CJ »i/3 4 « 1 1 £ L»y tj £, Jl Lft 111 J^>-A j p— > 


■ sfb £Q a — \Jb J5LiJl y ^IjlpS/I Ji# «otA-jaidl» a-JU jJl y i_j yJl lf<- y ( ^) 

■ ^J^i 0 ( ^ * ) 

1£Q 6eQ o>V6 Vb(Q - ° 2 — €Q 

a 

■ J jMl (Apotome) * J-aidl> y» a — V^> 0J J _^ii 

4a -,L i-i5ai ^jOil ^>h£ JA J^Ull illsll J,..„i-i i^UUl :>JI (X \) 

, J \AY Uj^ll iu>U«j J \ AV . J> \ A • JljjMl 4(Yi OV 


IV* 



rikUil Jl 6 = 45 j a = 5 ^ i(Vb-a) jUl 


. 625 65 2 

x 4 H = — x . 

16 2 


aj^JLI oLL*uM (J^ jlpL-J jJl J-a JL*pI jU dJDJJ 

. Aj^*JJ JjL- jJI aJ Jp Ju^ll] L Ljsjf Obw l^S3 t A ala’ll yS> ^IjlpS/I 


A-jjjJl J! ij* kjjjj jJ <— A... A-l |%JLp 4j?» jJ aJjCI jJ5j <J->L>oVl jlJLlI jLjlJI L«l 

a V • ^L«Jt 15 jJ ^ l la...* |t^f * jj JUli . ^liSjl I Jl^J ajj^-I Sfl JaJl a^?1>-j 

jla J j . aJVjJI ^jLs^ <jl _J jp i uI^jJlp o^- u^ L x j^ -l pJLp (w^ulS* 

|JLA ^L5» **LL!jIj LjV A^jLi ^J i j*jIaj aJL JLi ^3 ^^1 AaJ ^«L>JLw»»l 

L) jy^ *%*£> v^Lm>* (1)1 ^ j*-P jJl Jpj • SJbJli-l A^oJUJl S^lll J>%j c_->ll5\Jl 

. i-A j -/*> c» ^|p L^iLj Aj^^ \ l dJbJU- A<uLn**^’ ljLjIj AjI V| ‘i/O-AJ"' i_T*^ 

Lp j-jo IJla u^L**J-I |%JLp jLS' jjJj . ^bJ[ . . . ol j -j. w *1 1 JjJlJ & uJJL>- c JLU 

cljjJ l la .»i coIJJL ^*u>- Jill JlLat {jA (ju^lj jJl ja JbJUJl o L a.LcJ 

£• oJLLa j yaJl aJLa j£] (6^J ^JDi (1) JiJl <jt>-jjJl tlijJl ^Ij t ^J*l*Jl (1 ) jJail 

L-S' . A^UlijjJlJl JjJJ-1 yAjrt <1)1 AjL>-j j-Jj ^ iljl *UjJl IjI jl JaJb ^JLuj .uuLm-V| 
v *— >■ ^ \j~Z C.*.jUL<l jA I (jjjj-l iS'i iiw» Ji iLJJ J -*>J (ja! ^ ia;! 

. <,rr V j! Y ^jLw- n !_^ill JU- ^ jlkijii 

V j-a>" J jLuJ 1 ^ w .« jJ (j* <-)| oLL^jL-l aJ j.^ J* ^JJl ^jlaiJI IJLa jl 

oil I oJla ^ JbJL^ Jl jl 5 < LfJj cJl^» jJ ^^iJi ^Lull a-^ il^j>- jl jJ»-l 
ir* <l^j-2-i ^ ^ <^1 SJujJ-l a^-LiJI 

Jp u«^Lm>j^I ^JLp Jqj ^a j^JLil Iju . (n 1« > *JJ <- ^*l Lp^^JLa ^^Jl ( B ^<^l«iArfJl | >> ^«spL|^]I 
Jp |JbJl IJLa oL^ajjl j>- ^JLp J^Jl j3 J^. . la" I A-P^dl A^»tjjJ| t j-JL| 

Aj^J-I Jp oLLJ-l aJLa e-l jj>-l jl . 3 jJlA-I ol j~£ Jp ( j^k^)l{jj Ajj+i^\ j^uLicJl 

: JSwJI ^ 

f( x ) = ^2 a k x k 

k = — m 


. t _^L-Vl ^-sPjil cJUJj>*lJL> JLi (iu>- ju> A>wj>wJ ilJLpt n j 771 

jl*j ^1 L^lSU j ajj-J-I JUpVI 5 j-spU- o Oj-J-I oV^Lnil AjjJij jl JjLi Vj 


Diophante, Les Arithmetiques, texte etabli et traduit par Roshdi Rashed, : Jail (Y T ) 

collection des universites de France (Paris: Les Belles lettres, 1984). 

t oeY\ i aJp Ja-P) t g.Lj>LiJ Jb»»tj oLwilll j oLu Jl £hJ>\ ^ 4(jL>-jjJI »-UJI jjI (YY*) 

. (i 1 ^ ...a ( ^Jj jIIl^I 



llA {J**} * d->L»L*JJfc| ^3 jl4 (jl &A y^ 

. U-kj J (J y£ jJ r \ Jp Cj\Jo 


jli-Aj . ^jlJIj ^ j>id.ll 1 +l- oLliS’ sjlp jljJM IJl^J j^Jl JuLlj 

c1n^-I dJJi Jll* 4 jj- r ^LjJl oLLLu j ol>-j j^j oL^ljjJ £yj?\ y jLliSGl 

<Jt£ ^ y (£j $ jii jl^il j£>*! i y- jiCl! J^*jp ^ 1 -^* • j-J»P ^L-Jl <j jJaJl 

^Ia <y* j ^ ('j****?] 4 aJ_> o j j& 

bjJ ^cjjLj llA £>- j^*J j! bj$ <j*J • A^l^Jl A-S jii y j}\ oIaJlaj la At aJjLlIj 

yi ji» LiUij ^J>- j£s Jl Jw*-*J £_1LJ| jjS/l J-P * j-s<aJl JaJL..7 4 j-JU {jA A1+* 

IJ-a £a*Xj . ^ ^V£ cj) (JI^ammJI ^a^ j JLs> ('jlJtJi i)jjiJl y* <jLaJL>- a>-I ^1 ci^LL i iVl 

^LJl ^liS^I L*\J>- j ^ jZli a^L-SII oLL^Jl ytUI UJ>. ^ ^Sll 

.JSi\ 

AjJL>wJ| >.sAAjj . l+L* y&S' ^jh^j ajj^jM S I^JSJl 

jl*j jb . n € Z j m € Z <Ly- x m .x n = x m+n Ik^/i 11 AlilSCll SjlpUJ! 4 X° = 1 
Lia j ^ (oLaj jJ-i) 3 jJli-l o! ^-JL5 (J-^j (*^ j-*il) <J-p a-->L~J-I oLLa-«Jl dUS 

^iil aa-U^-I La j (mUjAj ciJLlJLS' J oL^j JuM aJL»»p jJ^JJLj ^l>^j 

.* (JliJl jixllS' 4 oJa ap 

/(x) 20x 2 + 30s _ 10 5 _ 10 40_ 20_^_40 

g(x) 6 x 2 + 12 3 ~*~ x 3s 2 x 3 "*" 3x 4 + x 5 3x 6 x 7 


. Lj A^-i X Sli! JLp Vl Twaj V ■ . > j-w-iCU ijJbi *-yA y ^Jp 

^ p! 3 ') ^ 


. aaLiII o^Lalxil cMS c*L^ jJl>«JLI jJL^-I JL^i^I aJLm^« jl>»J lLLIS -L*-» 

Al^J 4 ^1 1 ^ ySULA tills' JL^-I ^P d« , l>t*o*^ , l oAa 

£y~* y A»..yg jUd JUoIj iJlA ^ . jl Jl y» jj£x* Ja^t 

.* Aj^t4tlC« J 


1*5^ I 1 ^iil ctJj-^ ^^3 L$y^ <Jb w i ) l ui^i L* (T£) 

^5 jJ»“Vt <4+1 pA jJL) (JSJUJlS $ Ajtfi j-Ju jJLiJl A.^J jJa J! jIj 3t»-Vl ^ AjJLlAI A-^lull t-Jl jil jl 

j _yJl iJL*Jl <— J\y yj aJL^IjJLS il>-Sfl a-j AmmjJI iJliJ jJp [^1 jIj j JL «J I y*\ t+l y 

lilS j^i® . . . ^-<^1 y jriJ Aj+ aJI^Ij W r > * >w - ^ A-—J ^Jp lAiL>-l capLaIj 

jjSoj 4 JL>-I jJl JLiu jJuL ^-saII Jl»-1 Aj liiJLP [-1>-I jJl y*~\ 0^-aI^ - Ui«+>" 

cri cH Jl ■ jlajl ♦ **^>-1 j^l Af>- y IjAJLp SJL >-) j a^>- y UlS jlj Jb»-I ^1 +>- ^ 

t a+LmJ1 aLJL. 4 JLilj j~jj j % jJL5Jj oU » 4 ^*+1 1 t4+ll 

. ^ ^ y> 4 ( \ ^VT* 4 <aa[p? I ^ • 

£Vt 



n € N, 


(«+*)- =£ry-n* 

*=o v/c/ 

3 ^Ul f-l 1 IiJ^o Jg A^^Lwa AjCwmsJI o«La <1)La ^J A*a*>j J^J5» 

^L**^! JjL **j { j-^j • oL-^LjJl ^3 J^-l (Sj^ cr* J^*£ 

A«oL*%J-l oUlyll ^j-4 JbJbJl JjI >/3 >- j^Jl J-P 4 cJ 1 j-*-~ Jl ( _^la ju JLpLJJ 

’ '., . ' ’ ^ 
■ ••‘E fc ( fc + 1) ‘(E fc ) ‘E* 2 ‘X> 

fc=l \ fc=l / fc=l /c=l 

* ^ dr 4 (*j-^ ^ 

^jJaJlj ^aJLIj <*..■> all j j-saII *\j?r } d^®*d 4-i^M ; JLdl Jlj-*Jl ^jJsu cliJS »L*j 

I a> JL J!j SI IJl* U^r\j <Y ‘ ,) ?« > U-aJI J* jjIi-1 ^| j 

oLsli^b i j -U>vJJ Jb cb*^Vl {j* UJl ( lllSdJ Ajj^>- S*l ji Jl op-LaJl>-j 

<* j.^a.4 j La 111 jlpI ji L^j ^ja jl>o jlpI ^j ^\ j£\ Jl j c-jLi^JI IJLa ^ iL-*i~ll 3 jjJ-l 

-L k ^ 

x* = (X-)- i (J>f= (>) 

: aJUIS' <j> jA JlpI y Jl ajUI 



<uJaJl Ju>- J j-p-Tj (j Ifl^l ^ .m laJJ jj jJl JJL>«JI J j->* L»La ^LsA3 Uaj! JL>«J j 
Y \ * LoUaJ ^JLaj Jl j^mJI j! J| Lla j.A+jj . j_$_>JJ a^JLxjdl A «L ^-1 oN^IaII 

• J^-aL^ 0 ^5 4 A J a > - 

0 j^j j-JL| <*1*>*-Jl jlj J^JLj (ji| 4 j^Jl JU^I ( jj» U^UaJli 

ls* J • ‘'Jl c_ 5 ^^ JL«-pS/I ,ja | » »l a « 7 j \£y£- ^ aJ-p cJ j-*-Jl 4 ^Laj 

jl>*-> jlJLaiII Ula Jl < Vj-j JJ I ^ VliJl ^1 jyA Lu Jaj ^ J La-pi 

A-^Aj Jl j-a—Jl Jb>xJ La-S^ 4 <— ^j-jlj 4 c - A jJ ^1 ^jjl 4 (_£jj j j ^ .L ll I jl j-a-«Jl aJljL^i 
^y-JiL^Jl JUo La---5j 4 c-Ll J I ^j-j | j 4 ^j-^jLLII ^jj^Jl JL^-S'j 4 ^->-j_liJIj 4^lj_jLl l jj\j 

. ^Jl ... cPjJlj 

.rv ^ 4 a^ jjuaii (ro) 

AijjJi c^ullj^i-i^yLr 4 *lji ^1 (r\) 

ivr 



I i-A ^ oM^Lall <ijla£j jJL*Jii J-^iJl ji {j* ^-pjJl (J^j 

cr^ d“* 4 uT^ -L aI* . ^^a-aj J-i>- Jj 4Jl£-* £jljj ^1 *jl Ml jLJl 

^I>-jjJl Jy* oM^Uil 4-^lji 1 jJjL>- JLflJ oJLaj lyl Lai . 4*jujjlJl oM^IaII iAJ^Lw-I 
^Ul M jU 4 ~a£JI ^UJJ yLp jbJl 0^1 ^ ic5 JLl)l ^ JLili . iul^lj ^Jdl 

■ ^ ^jjJ^-l Aia^il IgJ 

*>■ jjJl oM^Ua Jl>»j o j-sAP ^^aLj j»Ujla1 ^LUJ I 1 JL* J£JL>j 

• (.jvJLJl « «ia I I o I ^ I ^jlaj ^JL>xll Ijla .Jjji-I Jjp’ <i!liJl 

x 3 + ax 2 + 6x = c , x 3 -h 6x = ax 2 -f c 

i J^J ^.Laj a 2 = 36 Ja jJtJl u.jLv3 j j $ J->LU d^Lt* jlaisA L^ 


1 1 



jjp L^Jl^— *> d| <J^Ia1I IjLu . L>5 ^^JLmJI ^^a**^* ^l>JL ^ 

JjMI ojiil J-«L^a ^jl*j yjt I j& cL^«-j <1)1 Jjb 3iJ* 

J j_£ i x — ► y — — J^jj>*-i]li . jJLi- ^l^*JL^I ^jL^a Jl JJ-I 

:JIJjMl^Ul 


y 3 + py - q = o 


a 3 /a a 3 \ a 2 

!? = c + 57 + l 3"57 J p ~ b ~~3 


LL 

: Jp J-a^ t6 = -r- 


o a° 

, J = n 


y = c + 


27 ’ 


.x Jp Uj^uj y Jp I 4L.J 

^1 jJI 0 y\\ y* Jllajl ^sA Lj t ^-IaII Jl c-^M_jL>«ll 0 Aa d)l 


"k^Y jbijjJl pJj 4 i^-»L— J jj <p ja-P ) iLlillj j^4"l <— >!—»>■ ^ v^ 1 ^*-^1 c^^JLJI (YV) 

. J< \r . 

W.van Egmond, «The Algebra of Master Dardi of Pisa,» Historia Mathematica , : ^JaJl (YA) 
vol. 10 (1983), pp. 399-421. 



J jl>- jlaJU . jiCJL) (5 jlLLl)! ^ I j~£ Jj oVjL>*il y» 4 jJLs* 

( J^~ Ajj a */3.> Ail _fS>\ {jA jJ-C’ IAa ^ p>llJl ^>1 f ^*J>\jj]\ 

. X 3 — CL ^jSwJl oli oV^IaII A^A^llI oV^IaaJJ aJs^I jj 

aJ^UII jJ>-\ Jii 


x 4 4 2x 3 = x + 30, (#) 

: Ji 

x 4 4- 2x 3 + x 2 = x 2 4 x 4 30, 


(x 2 4 x) 2 = x 2 4 x 4 30, 


:Jir <yj 


l Lj jlJ Oj£j t y — x 2 4 x jjj 

y 2 = y 4 30, 


x = 2 ^Jo-A-ii x 2 4 x = 6 aLLaII ciJUS jla_> .y= 6 (^r J-i-l oli 

.(*) SfcLJU 

a , « ^..A.^jJl oN jLxil ^J_>- L y JlJUiJI iJu j oL»l $ aJLjJJlII ii j_a 1I jl 

li^>- <> . C-3jJl J A-^ljjJl Jbj^ A?-U>XJ cAajIjJI A>-j jJl C->V^Laaj 

e^LfcJJl Jjl>- Ji y>r *LLL>- *■> ji s* Jjb obl^-Jj y» ^JLa> L® jli i)\£ 

• (J-*^ ^ JL>wi (J| 


jjJLj^-I a L ^1 ^ (jj-jj.^ji-1 J jL>- 

JJ-») ^ .$ «, <a < i -Up- t UL^-f Jj>«J jJj . j-L>- oL®jjl ^>- 

Aja.^1 y p aIj |I t A«-»^a-^iJ1 aJ^LaIL ^jJ_aIj La^J ^ . iSj "T^ ^j»*..L ‘ «-A 

a ^.la.. ..1 1 aJsLwhIjj LiiJij 4 Aa^iII A^ajjI jij^ Iaj} 4 h >- j 

^LaJI L y |v_ajl>-I 4_^iSCi 4 £-51 ^Jl IJLa LoLc jlJLaiJI lLUS j-w^Ljj J-aJj . jL^ j-Jlj 

ftjjfc ( j^> JL>-lj ^^3 AJ3 Aj»“I jixl— I»l (^Jlll J jV ciUij)) ! ^ ^ 

AS J. aJ^L^- * S aSvII 0->L> yiA\ 

.- t - J n Zjj! \ r&mj jJ?\ j ^ur ^u\ ja (y<\) 

. . . . yr/S\ :^L4l aJiJl ^ (r*) 

1V« 



J L u lw Ai Ml ciUS (j&Li jt ApIc Jbjj ^ jJpp Ja>- <J| p yJUp 

/^A^yjj 

<jp 4 Ji 4 A-^*£jJl oM^Uil Jp- cJJl^ 4 aJp j yJJ £jiaja5\ Jl * yxJUl j 

y»yj ^wUJ Lk-i LjI JJaJj . aa^Jl! Jj'LwJJ (JjVl aj^A-I oU* ji)i 4 *lkj| Ojj 

^jjL**il AjIiS* cLJUj Jbu J >- Lu ^ j . yJL^ jl ApJLaa J j^yAJ £pLJ| (1) jJaJl JUIII 

4 |<k Ifl <1 til 1 A-^lp-J 4 I aJImmP^ SijIjJl *iJs Jt. »i5>Ml 

AiJliJl A>* jjJl aJjL*p Jl>- 1^3 L*j La^S^ ^Jtib ^lil C->LjJtvail • A^yP- J?S*^ A lft.pl jj 

LL-JJl yj Jyi-1 ylj Jl { jjlj l)JLsM JlL«t y# j-*^LjjJIj OJL>> 4 jjJL^I A.L^xl j_> 

O ^P »» lftnM i j aJ I » (J l i^* bU • 4 .^.1 ll Aa! J] a]LU OkLft Aj ^* ji 4^1 1 • • t Ij 


a!> jJa^ ,yj • ^ ® AJjjJl 1 Jlf^La 4 yJi jUftpl 4 Y 0 pJj 4 t-iijil ii aU ^J a^- • 0 

I (_£yL| A/Dj-a ^ 4 (jUl JSLdJl Jp d^JtaW ftJLfc ^jlj ^yLLl AjJLaL ^LiH pJjb (^) 

4 Ijl>- A*pLl*p oUjLill y« ^ill-pi J| L 4 J £-lla£ UU-pI [aJLUII j j-JL I apIw? y ^1] L^J j|j# 

Jbu I4J I j\\eu>"i ^ p..{.lij . I4J ^ 4I4 LJI J-pj ^ii j yJidl L»I . Lf-i yJstJl ^iSl <Jp jAxLi 
JLdi Oj y-tlLl Lalj tlfJ LiLJ (Jl j! I 4 J Jk aJl (Jl |*JbU vi^Jl j]a „gj ^ jl jialll j c-JllaJl 

aAsS ^ja LJUJl 4 JI 4 II ^1 jJl J^-lJl ^ J*j 1 b 1*^ *««**! (_^l <*JjSll JJL^- ^ 4 * * (jbL*U ( ye> 

L^>3 j£ 3 I d)l jlm_* LjJU- <J (Jj&i pJLl aJ^LiJU ^IJLpI j Jl jjt t j i^j\j>S (J| ( a £^t^i 4 j-J-Ij - 4jl jJa ,.«Ml J I j£S\ 

{jA A &\jh oJLaj jilil 4 II LfJb- j jjli-l ^ AjL P’L.aaH • W- 

JbJbu ^ Jl>-IjJ (J-Jj 4 cr a*Jl J^- 4L4I4 lJL^I SAp J| (jw-U^ll 

JuJLi c>i^ 4 Jji ji < j > 4 (jlj . ^Jp Ml 4 j Ai^j L^-Ap Ob^Jlj LjjL^ Jl 5 

L^J| a^U-I (jt ^ yd 4 . JS' fAy] ja ^^U.1 J--Aj Jr^ 

i y>\ ^LpV Ay ^5LsJl ^jp SJpI jilj ^jLl iJLfc J ; ./?>clJ 3 y>*lJl y» y5Cii ^ij . lJL>- A— U JjLJ. 1 0*>l$dLa 
(_$ j-JlS" iJuJl (JJj SjLsap N| 4jtJL*Jl J-fcl y I yjL Ly^a JLi U^i 4 jb^il (-ijj-p y* aip j-*-j La 
(_y ^y-^L^il ^yalJl Id* l)I . ®j*dp (1 )Laj|j (Jl L^JLjI lyP^PlJ jLajJl (Jj^LaP ^.pl^lil ^ 4 y>dl 
4 jL>- jp-Ij J-Alj (^Jd>j (Jy^> 4A^JL| ^LsLl (J^L-*j 4^ULl ^ A-y^iil oMiL*il ^jL 

4 (^yJl ^yJljiJl Jjl jjJl J^Jta 4 e-Jl»- A«-aL>- ! i«JL>-) V $ AoycJl oLj>L jJl ^ijLi oL-<lyj jl La 4 

.(yyJl ^yaJl y. T . ^ \ \ ^ 4<m^ 

:(yyj| yJly M. y) Ai . AY ^ 4 A^ii jJL^il (TT) 

J-ij LJl J-s<aj ^ jl 4 1 J-A y Jp ly-JJ ^-li LJLJ Jpt jJ* y j y-^L^Jl jyJidl Ulj# 
y j-1p AwjSII 4-slw>S/l e A* y ui > (J| ^la-pl y (Jjli LjLJ JlaI y j j y-llil L«ij . LlL«J (Jl 

A^ 2 a)I 1 — >L 5 ^ y« k_J Sjlia ya ^ (J^d A«Xwwa UJi-t j_^Jl A# Jill (J^ d)LST A>li 4 ( y Jig-ll (^blll 

(Jp j*>LsAJaj jJ-iil La yL*_A 4 4— > 1 (_^ 1 a>- j| .‘ y JL-wjI Jli . e j 5 ^il (^ JLJl iJLfc (_yj • AjI I J 


Jju>o j 1 (Jli ^ . oLJojdl y y-j Li jjp L» jJLia J4 _^- j Aa jJLca -P (Jl k— < A.,..^ <J 4 Aalil^t 

. } 1 (J| ‘*- J 1 A*— JS' -A ->- (J| i A— J 

I 1 1 1 1 

■> £ ^ t-J 1 


tvn 



Lo— J>sll JjL-Jl! Aillx-a ^3 ^*-A J »,/3 P ^3 L^IAaxLmJ Lfly-lji (_j3 I jJlJaj tl)i 

®4^JLLa)) 4-w<k-«J La ^3 *» ~-~Jl JbJL3*jJl LlA j . 4-J^Jj^JlI ^jJaJaJl <jJLJ 

o ^il fijjh V Jw^ljil (1)} • (a^JLA ^JjL~A l^Lyl ^]) 4jj*jL| dj'y^lnil Ajjiaj 

J-^a <_£LJl (Jj-Jrl J^lL (_£jJl J^-l L-^JJLA 4jj^JL| oV^LjJlI 

Ji 4— 'j-LfJl cr^ tOj-*— *j 4 Sji Jj Colj J-*i La j\j& J-P 4 4-Ip I jJw 2 _>-j 

* c£ 4 JL**jJ JA j-*j 1 y&j*l± ji Ltalc^JJ <U>- jil jjLJL| ^-L 

oLal ^..,J . . vi*JU! ^Ij ^^AjJsJlj jJliM ^^pL*^ c.«-«.aj jUdl IjLa 

Laj aLIUlII <L>-jjJl ( y» o'y^LcaJJ 4-^JULA <J jiaJ *ll J ! ^LiLl £j jJLa ^w3 jl <J| LJj>- 
*L«J 3^u <ydl cls^-l jjU Vjt (fUr\ - \ *£A) fULl *ljt Jii3 . jj^ 

CU3 jJl ^3 U>- jlia 4 oViljC^JJ L j]oj *Lj <J! 4 Ltalxil »/9 ^jA diij j\ OtwaJl 

^1 4 4jJLlJl 4-^-jJlJl jjI J-6-* * AjLlSsJI oJjAp- <LL jSp <U-ojJ 

^J_p (LjJLjJIj LJllllj (JjS/I oU-jjJl olSj mjuLlI I) La^jJ^- £j jJ I ^ i* . va ^ 

j-» jJUL *Ll> cjV ^L* ll ^j_a cJLl^VI oL-a j^a Jl^J 4 ^LjjM Jl^-j . LtaLxil 
! ^1 fltaJlC’j Ip^l^l c^lu : iLUil <J1 4-^jJLi £^iaJiJl ^JpUj 

x 3 = for 4- c (&) 

J.»XJ jjJLl | JlA Jb*x>t*j^ . L. wj“ ^ll ^LjL»l ^*Ixj 'V 4 JA (jl^.xp’ c ^ b 


Li^a LlJ* i-jL 5CJI ^ -^jji | ij cil l-Lfc jS/ cIJla j^Lo ^1 j 

. O ^JLfc^i jZ+~a ® ^^1 i*— J ^ jA ^1 jJl jXJLil j . L,oj 1 ULfc c 1 -La V 1 ^JaJiJil 

^Ij aJ^L*jl« e- >L > *£j Jl ja\j ^IjlpI (^1 J ; l>r:ll L«JL* t J..^ ^“11 ^-J^l JaLiJl ■» a : ..>j ^jIaULI oLS^j 

oJla oJlaJj LLsA 3 ^J-s^Ul IJL43 . £ 1 *La jl J jaJI <^LUj j >+ 11 ^jiajtj jt / <c5L*j 

^ -o j 4xjji» < Jp 4-jJj jjLLl j A**r jjt 4tjlw>S/l a La c-L-yig J^s*- aLp ^ ipL-^aJl 

t/ cr-'-V^J LaLp-! ^1 oJiil J4 jLS” pjl>- JaI ^ jxiajll j-^t (3*^ t>J -r^ J^'j j 

J^LJl Ji » w 7 ...^ o\S j toj^Lil aLsflJl lLLLu < Jp ^Sl-Jl ^ (^r***^^ ^L. J> ^1 j>%i^m\ 

^j- 4 0^ J^ ILaj 1 ^jJaJLlL <>• jp*Z-n »Li bJLpl J Jl*j Jl y*\j l-..h. i >L« Jl JJL>vill 

JLaL>- L>lj i(jl>“jjJl f'lijJl IjIj t^yAj^Jl J-fl — 1 Ll lIjJjkp! ^yJl ill-llj . oL-^>LjJl a S . Hi JLtla 

0 j JLc- \ a La ^A ^^LJl O Jlo-i J jjJl JL^lP J| w la a‘« 4 l^jl^ ^.U^i *yt apLs^j c jlpL,<all 

^ S^yi J^j 1 LJLp uy^T^J JJUl Jp jJi^Jl 4*«J ^4 ^-jliLl ^» ^.w ) j* jl5j 1 

aJbX* a J l4 aJIJlI a La ^ 1 jj\S J-^USfl ^Jaj . LIjlpIj Lx^4 JjlkJ Jl ja\ Jl JL>»iJl 

1 jlJ^C L^l* jLil ; uJLi^i aL^t . LjLL-Jl iijJll jL ^ lAjjj^-j tijJ-1 l^->- ^>- 

b-a j Lfl j {yk Lf>- 1 Jj iilJLpS/l Jjtnj ^LJl (Jpi aJL>-l jJl O jiilj oLS" jil {j* t^Lj JL>-1 jj 

ajll CJ>-1 y jli . J ~4a LJ l ILa ^ Vj ^IjJl jLxJl ^ ^‘LS’ LJl J-^ij jlj i J-4S»tiS/l 
( jaiL*j j|i - ^ull ^ L$ia ( ^JLI Lfpjjjj Lfjx-i j*-* L^jSf 1 t-JL^Vl a La c-p^j! t Jjjill 

a La J j-s^l OuLil LkLLaiP t LjJ olaJjL* a JlP Ja iiaLi JL-J _ ^-4J HjI J| yCJLA Ailw?i 

. <apIwJI 


£VV 




jlJ a *j jt Ji j-j-U . l -*>- jil j.LM JjLaj aJIj *UJ| aJoJU Lo~gJ jl 

.OJU! j^JULl JiU? AfcNl (c Jj 6 J -L^L. 



(Y . NOfijJSjJI 

I ($&) <LiLLJl <bUil <l>Ld (£ = 0 JJLl! Ll>ol LJl (Jl La 
x 4 o c 

T = x + Z X ' 

! *LJli!l a5^\jJI (xq , j/[j ) L$«kL£ ^jJJl w jL^-l La ( j*«j 


fc 1/2 _ x 0 _ 3/o 

x o 3/o x 0 + ^ 

6 :l^j 

6 Zq 
3"" , c 

Zo + 7 
0 

e 

. (») iljlfcJJ *)L>- xo o j£J> 


iVA 



Juvaii J^JLj jj >/a"± jl Jp olS* SJUjUL-l Aj^lalJl a Jjt *L-J ^|JLp^/| Juw» / j 

L-A /Jjj . oU%Jl A OA JiClj ^J&S j+^\ J <L^Ol$Jl flJL^rl^U oiS^LftJl 

. ^^LuiJl 0<X>-J ^ a * 4(_jL-— Jl 1-LA ^ 3 (_£OJl 4 aJ| 4—— jJL> iSj ^ /l t <-)l 

J-P 4 ll « * lalj 4 JboJl ^ <w%»>o>Llll o JU~L>cJL> ^Oll ^ ^ ^ dll l -L a 

L 0 -J : JjSl 1 aJIa jJl) jwaiLi* jl jJU» Ji / j*Li-l 3 I 3 j-^kJl IJia /J .^JL| 

{j* jJ J 4 <L>^,la*. ll a JLa ol-b 4 4-»j/-i oV^IaII Aj /slJ SjLp a-L-P j/-1 ^^>*-^>1 

/Si to'y^Ull aj/ij I 3 L 3 . JLui^Jlj jJLl ^ aLpIaII 3joJ-l Jji JIai; 

ji?j ^_|| AiLydl 4 ^ y3 ^Lj LiI^La ^J^*«j 4 t 

ijllS’ ^jA j-^Jt? 03 A^IW? jJl aJLA ^*^P ^ J ^jll j^ocJl <1)1 » ^ yi Oju Lo^j OjI/j aJLJL^> 
. f ULl Ai f IS U jl> Jp OlJJL 0^3 Ull a/J U /II ol /ill J JSU / JA JbJbJl 
C->Lj3jO_>«JLI A^fiL^OLp ^. it <J j-yajaJl 4lJL*xj ^l/-l 4® jwl— -^1® j^_>«_U li^L>0 

. ^ll . . . Aj^*i-I (aaJoJiI ^p) f-LwaJl 3lOpSfl 4-kvljjJj cljb3jOi-l e->L-si- j 
A»j*JM ^ia*Jl ^ jl ' AA aJL3Ll*j I-Lj Ai| ! Aj1o£JJ 10jO>- b>-3 jaj! /Lj Ji^ll </ 4-^1 J 

3JLaJ IaJ - 0 V 3 U-JLI (_£jjJa Jl AdO-sP? j*JuL . ^LaII aJL>-j -JbO£ Jl Jvaj /Cl 

JLpLsaJ 4 4—*/ jOJLjj 1 4 4_>jj j-s^Jl oL-Jlill ^/ajj . i-A3 jJL>- 

oli aJLUjJI 4_>-jJlII 0 V 3 IA -4 L J^jJljl-1 0 I 3 4-JliJl O- jJLll O^y I Lflij n .^9 oL>-j3 
4 3jJL^1 iy'X illllll i^jjJl 4 3 jJL^1 UW 4/UtJl o-jjJl 4 ^jlU 

Jl aJL-j / ^LJ-1 J . J j-f>*ll <-£ 3^" oV^IaIIj 3jjJ-1 

4^>-jjJl 0^31*^ J^3 j*Lp Jl>- I Oj1^j 3 Jl Jp oLOIj jJl /■ jJa ^y3 {j£& ja jA 

^LSill Io^jT Ij^Jl <+*+> JLa oLLm«>-j 4 jjx/j uy*b* 

. ^/L>*i]l oJlpI ii Ll^#I 40 jI^jJl) U^l>- 4 ajIaj t <JljJ^^U a-w^LS sjl>-j 

^3JLp J>- p-Lkjp| <Jjl^ L»_>| 4 Jul-l 1 -La JlLp <— as^jLj ^ ^LJ-1 <jl J| ^jl-i 1 ^! 
a jjtk -L3 ^ «/l4j <-l «,* ® 0 /loll ^0 4.^—3 ^1 aJL^j ^43 . Aama^iJI aJ^IaaJL) 

JjI-^ Jj/> ^>P ^jij ci-^-^P J| J*^ / t 0V3UI! Aj/aj J_p- APJ /-A ^ JjSfl 

.ol±ll jJp 

c-i /JS» ! Aj^JM o'y^Uil Ajjiaj ^ J j >£ Jl 

oL«l^-^V Ajl-ji Jjx-i oi ^Li -1 Ja-P jl ^lilp'y 1 3 Lx 4 -aJ /Jl ^-^aS/l L />" 

. Jj UJ juw US' L-jU- 03 3LilP*y 1 lOA /j . 4 Jj/-1 0 V 3 UII 4j jlaj / _ r vfljJl Lilli 

yu l «^?il Al^J 4 <— * >w.»x3 4 4-^i^Jl LOaj La Jl^j 4 OJLllJ L>- llldl ^L-i-1 J-a-P J^JLj ^JLd 


1V^ 


,A« ^ i4~-aJ jJUail (TO 



. Ajljj Jp (J j3 4. JL,/3\W Jl Jjaj AJL.qP> 

•AJ 4^LiU Xy*lj j_Aj ^ (_£.* j-A— Jj ^jJlII c- 5 j-ti (1)1 J-P JjU A*^jLJ| ol 

^J^-l 4 J-aj 4 Nj . A ^a^iII oV^Lnil J jJL>* <_j3 j CjNoLaII Aj^Jai LliS^ 4__iJi 

j->u ( jJL>tj ^»LiM SUj jlajj . LJl ai* 3 Jb ajI (J y&j j\ a! j-s^j ^jl«J c->U^Jl IJla ^ j >- jj 
5JL- jJI .Jut /^oVjUL! Jy~ ^jiai I jjjJl JL,j jLdl I jut ^ ^1 J^JI 

l-i-A Li^^x_3 . ^LtJ^-1 J»a-P Jj A_mmJlJLj A^aL& i*Z->\JuJu£ ^JLdj (L*Jj_£j ^V* ^Lp) 
(J j->«-iJl I«La (jl , UUL4j Lt-^-s^ j-* L^l L» J ^>- j ULp ^-oj jJaJl ^yuw* JUo ^1 4 j^_>-Sf I 

<w4i j^J| I -L J_4 4 A-t^^^L^Jl oL-^LjJl jLt A-^libl A-j^S/I IS 4 JJ-I 

. oJLp 

! L^ 4 (jytiaJ 4-^ljJu AlJL^j ^^jJaJl ^Haj 

^j-p a-jlp Ljil ^iJl 3 j-SIjJI Jl AiL^I 4 oIJLa . JJljJl ^kaJlj *JL^1I 

6 j-sAP 4—A. l jll A«Jl LjJL k JS' ^A 4 A-xijdJl 

Jl a^mjJIj 3k 3J (Puissance) 3 jj> ^ li*>LlaJt aL^U-I 3 yljJl a^La* £# JaUill Jp oLipVI 
a^La^ aJL - j a> Iju ^JlJI (Jj * *a JijJl p^tJfljl iJlA ^ p-j ^j-4j . 3 yljJl aJ-A 

. jjUJkl ^ Jl A~-jJb <_SjL-I* J^ljjl ^la. 2 ll aJ^U-oj *Jl^Ll ^laflll 

..L^Xaj ji 4 ^LkJU U^U>-J . <l)jO L> J Ailllll 4^-jjJl ( j-4 C-^oljCaJJ 4. 4 .'. «^3 7 tiUS Jj 

^jA IS^UajI oN^LaII ^Lj-I LaJL.^5 . ^AtLsOlJl iJlA J>-S/ 4 L>-jl>* Jj 4 Lli>-I^ IjUa-4 

. Lj ( A-j>- j-a) jjJlp- ^ j->- J ^ JLP jl ^ jj>- J LgJLwol jj jkJl jllij 4 La^jJL>- iJLp 

La-J . maJL o^/Lp-^J LfSl ji>-l ^jlp j! L^jI ^>-1 3 a IS r . 4 c->V ^L aII <1)1 ^^Iaj I*La 

{ji*y>r (J-*' jJsJl 4-1 ji>-1 p - g-a l d)l ^ : la: .^> ^ ..^3:1 1 I J_J 

frL-Jl Jl JL^aj oN LL-I ftJlA ^jA J5 ^ j . aJ^La- 4 ^jjjJLp Jt>- ^ jkJl ^JLaj JjVl 
4 Asjto^ili o^/^LaII 'jJlZ UJ kii 4 (Discriminant) ^II JbJL^ JJ 4 jjJl>JJ ^^Jiijl 
(Ruffini- yj jJfc - Jj AAj^Is ^1 AijkJl Ak^-I y ^^JLaJI Ji-I Jl JUju l jjA j 
(Equations ^jjJ-l Sj-JL^Ul oV^La^JU AjjjJaJl ©Jla J„ : : L.Ij k 3:^1 -LaJj .Homer) 

. L iJp jJb- ^1 kii j polynomials) 

j j^Jl djN ^LaII aj jkj j-^LjJI jujl^- ^jSLoll t j«4 ^w>l ^JJi3 L«j_aj 
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0)^ ^aJlP J>- 4 JlA *Lj ! ^Lj^l gLajI (^jJl JLiilll c%m> jJLp jLJl 

IS^Uajl o Jl e -La J^-l 4jjJJ-l 4la.*l^ LJlill O-jJLJI oV.)Iaa jJJJ 1 j^~\j 

.^Ol^ll fbJl ja 

u /a.» fc ilj c X 3 = C iLL-jLl j LJlill O-jjJl c/^IaI 41*J j3 Juo 4 J jVl *jj-l 

jJbr L^ JjSlI ( * r Jl oV^Ull ^ JXJ .^JUJI orjjJ! ^ c/^Ua jLJ ^-JaJl 

JLlP j . 4-> c-ij^Luj V jJaJl jLS' Jjj i»-JLa jJL>- ^ J>~J <JLp- ^ IaI 4 JL>-lj <w ^>- ^a 

^jA J^A ^ *..<* 3 4 (_£ jl) (J 4*l>*lA jlls£ jlS’ CoV^IaII O-La ^jA JlS" 4—*lj3 

l$J ^ -La ^jxl y\ <jl 43 4 *^aJL 1a OljLlpl 4la.*ljj <jl5j . LjliJl 4>-jjJl 

*liill JaU; >yrj l JLA\ ^ jtf) 4^jjjdl 4 J 3 UII ^Jl L^iJIjl^I ji£ *Uill ^ 

^1 ^jlll oUJjdl ( jX»ju oU^L) cJl£ jJaJl I 44 JL 3 ^ JJ^ l l { j^ 2 j[*£l£-\j . (^£ j>-t 
Jl JLJL 4 ( Jl>- J5 Jp- oUaudl ^ jJaJl LfJl j^i 

^^PJH-mj 4 &^j>-jljL-|N j flJMjJlD iS'j^ JLo-aI— < 1 Ju Jvuj . 4. 1 .ft. w . ~ ..« U ol / . ^vl l O^^Iaa 
; ^J^lxil Jj 43 ^ jJ Jj US' ^]a,i..,Mjj . L^- oLja*a1I J*p JJ ^*4 JaJl 

t c > 0 j b > 0 4l~>* 4 x z -bx = c 

! jLaJI Jl>*L 

jK*)=[*g + *)]2 , /(*)=^> 

^ £^~>. (/ - ff)(“) > 0 J (f - 9){P) < 0 : /3 J a *>>\> Ol «>»^J 

• (/ - p)(t) = 0 J24 7 e]a,/3[ 

»LlJI i^LjM J-xj L»^ i^jJj « j U !l c)l iIJla JjS/I Jllpj 

0^31*11 ^Lrj 11a j ^ j»JLaJI oV^IaL! ftJL^J 4^>-^il jjJL>JLJ ^jll^JI 

oM^LaII ^JL^l Jl L^pUrjl t> 5^ ^iJil uS/ 4 L*j i!dULJl ^jlII ^ 

. 4 JL 3 I aIxmkI^j 4— */J jjJll 

jJLij L^Jljl>-l JLaj) aJ^IaII C-JlS" IS| ^ja...ll s-UJl c^Lj-1 jl Jpj 

^jwl 4 L .^lj 1 ^^iJLi^Jl JL«JLaj jir . 4-jllll jl JjSfl 4^jJL!1 (oI^aVI 

. 4_A& (01^>1 jOi il>J,l) y^Ull oJtf ISI 4 0^011 11 £>ill 

4 1 4 j- 4 * J *^r\ (J^AJ JA ^jJl Jp J 

* Lilli 4,1a Aj jJaJl ^j-Ajj JLiJU . L^>«jLlJ j $ la 7 ^ oLSjji 

<LaIjJJ! a -L a Ji^j pJL jJj ^LjM L 4 I . ^lll c/^Ul! j jj» J^j (jt a \ wi ll 

J JiLltu I 4 JI U JjLa j ^^IaJI U5 . 4J^Ia 11 Jl 4^L Vl 

. |^^«i3p»^oA J| 4 la Oj ^jA 43LJ|j 4mmjV| 4 ^Ul ^^^^1 


1 A ^ 





fc ) ^ A»^l A*m«I jjJ j4 «irt ^ C* 

^1 1.1^ « i V L^- ^1 4 «a_L^ 


*U5JI ^ jUJi 


■zry* j J 


’-r^ 

* ( (jr -x jJaJl 

:c/^Ull 


(1) x 3 4 c = ax 2 ; 

(2) x 3 4- c = 6x; 

(3) x 3 4* ax 2 4 c = 6x; 

(4) x 3 4 6x + c = ax 2 ; 

(5) x 3 4 c = ax 2 4 bx. 

. oVL>-* j a]L>-}Laj *lii5Vl jiai\ jl i^L^JLi 

* ill— JLJLj ( oL:.».dl »LaiJV JaLU a j_>- j oLa^j jilt -- a j aJI*_JLJ! <ka* JiiJLi 
La j aJLAI aJL^J jjcJI oj . Lf-L-^1 ii j*-»j oVl^-l aJLa JJ cJ j aiJLI 

<_P jj-4j ^LjLI ^y £_* ^L-aJ ^JaJl U JjJ->wJL j-a 4 Jjl — j ^ L$_lp 
. jJaJl J*l£ c— 4 (J j>d\ IJLa J 4^^J . JjS M apj^JL* 

ilb / d~»- 4 /(x) = c J5LUI Jp ol iiLJl ci/^aUll ^ 1^5 oli 

f-tiJl A^lji jJaJl Jp l) 15 4 LoJj^j <A,L»kI«Jl 1 oVlJ-l* J-aj • -*jO^L| S^JbCLa 

* c y> fc dl» ol5 jJaJl JJ L^jJL .y — c £* y = /(#) Ji** t^dJl ^ys^dl 

O^i o+ *j*r j*J y = /(^) > 0 J x > 0 *yLL JuaiII 11a 

<JL>- ^3 *yj LfJ V aJJ <mmmjJL <]UJL1 d)t 4 Lla J>b — j <1)1 j*Ji£ . *>L^1 a^ j->- j ^jlp 
^ yJ! 4 J> j ^Jj! ( j-saj (1)15 o/VU-l j-a aJL>- J5 y aJJj 4 /(x) >0d)^5jx>0o^5 
itaLdl 4 O < x < a i ^-iJl j (1) itaUll . LJai i*>- ^ /(x) o 

^p ajL ^JLaJI £j> 4(3) iJ^Ull ^ a.^aj J? jJiJl 11 a ^^Lajj ‘0 < x < Vb i> (2) 

.ol5 

do 111 I AufuJ> j ( J~>J J jli-l ^ ij^ubJ I Jiaji* 4 Oil 4 jJaJl (1)15 

4 oJuJL>- p^jbLLa J>-^1 iwiLll aJLft . aj^ jJbLl aJIjlL! la,wJl ijL^Jl JJ <mmmjJL c 

. (Jb JL>- Ls^Lj Lj 15 oJbJbhdj ciili {jA JLujI JJ c— fti Jjj ^ a Ju JL>- AaJj 5Jb-L>- JlL «*JJ 

J»J 0 JU_> aJJ La jAj 4 iv>* 4 SjLaJ la nil ^ ^jLa ApL^ Ij-J 

A Li; II L^li 4 ^ a la n )l AjL^jJl oJ-A ^ /(x 0 ) = Co (1)1 L -^ jj lip . «^Ja-pS/l 

j^>JlI £a /(x) ^yLp^jll ^1 4 /(x) = 0 jJaJl ^J-4 • (^OjCo) 

. (Encadrement) J[x) = c aJ^UII jjJJ- ^L^-l JJ Lr ai^ ^ j* S J4-J1 

L^ai J> ilLlI J5 IfJ j^a>oJ ^yJl aJU-Jl! JJ 4 oi[ 4 ai^\ j* ^ ^ jiai 1 J^a-j 

4-A. ll^ - V aI^Laa JLa>»j 4 IJLa J^l . /(x 0 ) j^-lajdl AjL^JI ^lfln.7 ^yll Xo Aa ^aI I 

kjyS ^ll aJLJlI oJla <^pAyA J^-3j ■ / 7 (x) = 0 iJ^Lnil NJ 



Jli-iJj t <L >-p ^ j jl i (Derivee) ,j:-.lLi * aL».'.ll 

• Wl Jr^ ^I^ns-L l-Mj • i 

2 CL 

ijL|i ^lilb ^ ~o~J ^ jljJb^ Jl>-^j ( 1 ) aJ^LaII ^1 

* *• 3 2fl 

i-Ll*_JJ ±>-y> £ji >- 1 ijj>- ^jA . /(— ) = Co ^ iiVj /(°) = 0 tr* cS-t*-* 

t . O - “ 

jl i jSI c jJaJl i . A2 = a ^>- j^rj Aj = 0 ja j*W /(x) = 0 

! a5!>UJ1 uLm^ x 2 j Xi jU*- j* t)!jJbf- (1) aI^La*!) Oj& c < Cq Oj£ <JI^ ^ 

Ai = 0 < X\ < x 0 < x 2 < A 2 = a . 

. jLipVli ^kll oJi>-L V X3 cJL- dJL j>i>- <J^Ia11 d Jl^J jl Ja>-^j 

oNbU ai* <y .l^UL- SlU JUJJU (5 )j (3) 4(2) o^Ull ^ UJ 

^Jajo Xq jil jJLM • J- 4 j^-Vlj •— L^Ji->-I jljJl>- (JJLJLoJJ jj^j dj^-SJl 

IaJL>*! (^jftllP) A lg>^ *■**■* JJ*W /(x) = 0 aJ^Lk^oJU j Co = f(x 0 ) iaL^lil 

. Sjj^Jdl ‘U.-iJl aJLs^^j L« ULaj • A 2 j Ai = 0 L* jl «wJL-# 

.(1) aJ^LuJJ asJS\ia c^^JaJl l! ^jjll 

: JUI J 5 CJJI Jp L& ^Uil aJi^i 

c = x 2 (a — x) = /(x) . 

! L>- ^laJl Jl>-L La j 

‘('UL- IjJbr I4I Jl ip iJLil jl ii\J-\ .JU Jj ic > — _ 

• / I 

V CSC) X„ = y jii-l ^jJail !c= ^- - 

• t 4a 3 

jlai^ X 2 j Xi (jwr y» aJ^LoJJ t)l jJflJl ^j-Lu illi-l aJlA * C < ■— - - 

:S%J| 

_ 2a 

0<xi< — <x 2 <a. 

u 

^^ IsaJI A>-Ij /(x) ol /(x) J ^•JsaJI ajL^jJI dJUS Jajj 

: jl Sf jl *i (0 < x < a) tx 0 = y x Jlp-L Ljllp 

u 

(1) x 1 > x 0 =*■ f(x 1 ) < f(x 0 ) , 

: jl (j !>*J 

Xt < x 0 =$■ /( x 2 ) < f(x 0 ) ; 

lAr 


( 2 ) 



. 0 < x < a A>*~iJl y f(x) J A^t^Jl y f(x Q ) jl Jl aL * jj It 

: r <f(x) = 0 &UII ^>JI J4 ‘*0 = y 

• UtH jf S* oVU-I j} Jpm ta> aJ ft.l II I L? 

j-i'^l jJJ-L IjLj . X2 J X\ i itaUll sljj ifyr _jll l jjjjJ?\ jiai\ Jjb; till j Jbo 

: &U1I Jl ^Sll Jj^dl II* .j yj t X 2 = Xq + y £«aj #2 
y 3 + aj/ 2 = A: , 

y. JjVl p-iil y L*JU yJl cil^lyyj Hk = c*-c = — -c^ 
! J->*T yyl Jjj-£ Ji JUk-H-JJ . y^iSfl Jj 1 -La cUUS JLajj MAiJLmj# 

UojI LfJ y J Jp ixi yw>Vl jJli-l x = y -f (a — x 2 ) 

j jrL yj * JjS/l jt— ill y Sr* cr^l -b>4 y yj t y^ry* j*W 

.x\^x 2 jtj xi ^ x 0 <1)1 I y4 y yj . y-iSfl JyJl li* U^l 

0 jl ^(Xo) A^jlII jSf Aj^a-sP L*£JLI 5 4 (4) ikUll L*l 

y* /(xq) > 0 aJLM Vi cJ^lvaj V l*3l«s^l j tlfcj . a-JL-** 

jl jJl>- /'(x) = 0 aJ^U-JU Ojio tiJUS jllp * aajLJI oVaUil Jl iL—JL J-o 1^5 ^ 
la g> LiL <_£ <S* JLuJL t jil t jl>-j-j . (Xq < Xq) Xqj x' q jLj>- 

y • Co = /(x 0 ) J-* J-nAp^-J X 0 jJJ-l (5^ jLipVl ujjAJ ^yj-laJl i-^L V . S^y* 
i \ 2 j A ij j-isAll cjjJL^ aj^C ( aJL^-I aJL& < y t/(x) — 0 il^LoJLl 0 j£* ^>-1 a^>- 

(4) il^Lic«JLl (Jj^j tc <C Co (1) cJl-^ aj! jJaJl Iia y« i (0 <C Ai <1 A 2 ) 

I X 2 j X\ l)L >- ja OljA>- 

0 < Ai < xi < x 0 < x 2 < A 2 . 

V j j& V jl ® ji*iAU ^ jJl a^^>*J \j» $ yrj jl j $ la* aajj*JI ajc>-I jll flj-A 

5 JLI c>.***J Ijil c ^ j>-! a^j>- y# t j . b j+£ut* * yr jJl l*i* jl^ Jj t ISjUa 

c UajI lS ~* jJDl LfAi*-^l JLili c®aJL*» jJl# y yiJLjL] ajj-^I SjLxJI I4J Jj>*J yJl JjVl 
! JUl JiCiJl Jp plarj AijjJaJl dJL^i . oV^UJU J>- Ai) jjs> f-LJDV 

IJLfi ATCTo AjjJLuJl ilyll JbJL>fcZjj j4^*l y* ^0 cJjVl j»-i jJl Jb J lpxIj jJaJl IJ—j 

: jJJ-l Ula tiiJS Jbp . j*J ^Jl 

s 0 = <r 0 .10 r :j 

lAi 


t rr = sq + y 



: y J itaUll ^ CS* (►* iJ 4 ^ <j^j 

/(so + y) = o ; 

6 «a»a d-* j'd L*-« juJl>*jl! _ J| o^mjJlI 4»w*jj! ^-4 1 Jp-jl Ll&_^ 

oLL4l < — I 4 JU 0 I ^ill 4 ^>a jji jiM J| . y J ^j>«iLj itaLxll 

^-jb- ia : ^; {£y*4t C- • o> C->LJ-*-P i>* ^ cpI (*-^-i 

4 y f f (s 0 ) jJaJl j-jJaj llAj . o'y^lxil £A \jL*£ja 4 jjjjjfc - 

jliJl ^ijJl Jp y ,y JjVl (*JjJl Jp J-*4j *So eP O* ^ /'(«o) O*- 

J-* U*_, t-/(s 0 )//'(so) <>? Cr *—*- 51 '‘J ^*- 1 - 1 a -* x J -^ 1 0 -* 

jlill jJl ^ JL5~ <1)1 JLajj oVjIaII Ji- 5j_j j_*ll 4jbjJaJl 

ijo_, t ^JiiJi Jb y j &uii Jp Lf-i; vjj' >' j>! ( y & >*_>) 

. (rv) ^> Jl l*JLU ^1 ^ L-»^ Cjtf c^JLJi 4 jJULl Jp ^ lUUI J* 

(aJLs^LDI JLk_i) 4pUj1 JL^pNLj 4 L>t*>«-s^ ^1 1^1 4 jjJb| IJLa (jl (Jl llA j^JD J 


: ^>JI ^ a : 3 = hr + N ibUJJ ^aJbJl Jj-I Sfc- J^tJ (rv) 

L^Jl 5 J j/ J Vj e-*A^J < Jjuj Cx>llJ! > Jp -jJL«J! ^.,/j.t tJ jlioll ^1 j> 0*1 Lifj# 

L L. ^A^JU Jl J| (Jff*^ <jl J| 4jJL>- *)Ij jJbnu Lstfjl iJLiJl JL«J J L jliv>i ^yfl-tj 

( ol jA j^-\ jjjJL) oJu {jA j-UJU iJ ^ili ij»ii>- jfj jJb>«-» 4 -j 1 jA J bo j jjJU >-1 ^JlP ^yai 

; 4 JI 1 II jj<sa 1 I a)L^«JL) j j£n . jj>x^-\ iJp j*b>- 
:U^i Ji. ijjjJ^-l ^ jlp jJL>" j-->-V I c- 1 1 ^ ... II jJU-l Oj^i oi • (Jj^^ 

(j^* -i-**^* . J-L*j ljj->- j j ij^jj <jLo_*-w-Jj 4 rYV*\V* TA I ojj ll ftJLj- iJLp 

. < 4 ^-^ ^ SJbJl viiJLlj 1 i-J JL ajj <>jj JJL-I ^JLp ^Jl y>~\ (Jl I V— ■■A^JJ 

; Jl aJLj- j viJbJl J| ai jjJJ-I ^Jip ^>-1 4 JI JU 

rf vi v* r\ 


r y \ 


^ jl jJ4j ol jJLp iLlia ^ j-ftj / ( tlJliil ^>-Vl L,. ».CL1 Jl 

toUll Jl j^S/l l^JJ jJJ-l <J jA ja ^ olill ^ jjt (^JUl jjJJ-I ^jlp <_jI ^ ^ 

jjJJ-I iJL p >-T l.‘. « ^ ji ^ejjjVl ol jJLp J| ^^IjIj SJjJI tjiilj j*>-S/l c— ^w^Cll uj UiJLP J 

Ajj-siljj ( 41^ Lr <Ua^* fc j«9>Sll jfl^H Aj^iJl i-A jilfl4 ^aj |j (4 j* jJl! lUUu ^ 

^JLuJl C-^> ^ jJJail ^Jj- 4 >J ‘ iJLuJl Jp 4 _j^^ 3 JS" jLlxl 4 j^\j JbjJj t jjjJ-| ^Jp vl-JLi ( ^Jl jA 

y, . 6jj*a2 Jl aJUk Jp 


1 * 0 d<\TA 


rr^ 

! SjjM^aJl a jjJULj iJLfr dJb Jla.lt iu JUail Qj* {j* jjjJ*l t*iJ£ L ^ailjj 

r 

1 'tivrk 

A^IV^ 



1 -La ^li J-il j . U* jjl jj^>l J^JaJ jl 

• j-«liJl <1)ja)1 ^ ^jl^A^Vl { j^u dUS jJp -X$.JLj c ^*>c-s^ j*L^* 1 (1) j5^ 


Aj^tfUJ l iJLuJl ^ <La^4 ^yaJLJj jjwl ^jlill l-> jJJoll ^OJ |*J £ i-J J jL -\| j ,j£jj jaj 
0-L»Jl <ij^e JS JliJ ii^j ( _ r dJLj j tJi-Vl ^ji Ajj ~* ajj 4Jj-j.SH Jp *-Lil Jujjj 4<JjS/l »— ijJLlall 
U!rr ‘j^i J^S/ '' J -^J ‘ /J^Sfl J* jJJI -Vjjj ‘ ^ <ij*ajj 4 Ji—S/I Jp -l;J>j 

J jS/l V JUall l _ f i <jj~/aJj {jA <**&* ^jA a\'*j tJL>-ljJl jA j>A LjjJUa-4 ^./a \j 4 Uj ^aj JU-Vlj 

JuhAJ^-3 ^jA Kij. J 9 JS' JLo» 1 ii^C JjL-V| ^ JuLjSM J P ^JLil -bjjj 4<jll)lj 

. Vj iui jJLti ^ n\ ^ jp'yi >ji 

■c-ilill I ail 

jj-X^- ! Uji 1-*^ 4 ^~>-Sll 4_— *^JL) . «Jt jJJ-l {jA ^Ojl jjjJ-l ^JXp jJl>- t— Jl ja j?~\ j_^j <lll 

-bjjj 4 jJJ- V j jJl>*j i-Xp JLuJ-l . LjcSL* (JjUo VYVfc Y * oj j.^a.11 aJl^- ^JLp-j ^ ' Y * Y \ dJLaJI oJlj- 

jLUfl ^Jli c jjJUU ^JlxJ aJLLoII jjjJ-l j! ^...llaij 4 IjLLpI olJLi < 1 )L <^-Jlj-« iJbJl 
Jl 4 JJ* 4 "I ■iJLP ^j - 4 jdJ^-l viiJjiJ AjiUJil IS JLI J Jtlij c > jiJU i^JDJlJ t ^ l .».»,.ll t*»-jc£Jl i_.. llajj 

• • V T V t Y • ; aJl eJl^- 0 t c--o _jl!l jjJLA-l iJLp c-Jl ja jSL* ^ajj ««Jl aSvJI 5liL< 

^ t — <~*~A j t<— ijJS/l ol ^JLp aLJJU ^ jj*j tLiJliJl ja Lj-LUi L ^}\ jjJULl jSf 

^JLp ^_JLiaJ J I i^Jlill SliL^- Jl ^Jlp j-« k_i jjSf! oI jJLp I LUli t t-j jjS/l cJ jJl 

iJLP l_J| j-« ^ <L>j .Ja )j c vlJlill w£Jl 4 n.sd : > _ - jj JJ*I iJLP Aw-Jj - 4 jUaju 

l5JLI>_« j ci-JLiJl Jj jjJJ-l iJLP ^ jJ j ciJbiJl t^JbJl Jp AjJjj 4 JJ*L4“1 

tJlJLj <LLa ^aioj i iJbJl 4 jIJL>o jJUail ^aJ ^^AfrVY* • ® J ®*La Jp oliil A-j j-« 

r i ♦ ♦ v aJLp 

ti-J Lij^lSj+a JpVl J-Ali J C JjdjL-l Jj_p t^JLi jJh ^Ja^Ji J-lfiLjjj C JjdJ-l 
. 0 Y _ i ^ l jA t ^ l 4 .^jj jJUflll I . *« ji*-T Jl Jj) — ll 

. I 4 JL U j \ \A { jA i ^ 4 4 ..-Q jJUall (r A) 

<^-^jA J-L^ d->» JJ <L*La 4 jLjJ? 4 LajI— « ej^S^jil aJLwmJI ^J-iL 

jl jp Jp f-LiJliJl <i^L- 1 j^p #Jl>-I Jl 5 jlS' d)l p-Lu V 4*oUl aJoaiII* Jp j&ji 

> ^J1 IJu ^ ^LJl US' £*rs LjXJ .^JbJl JJ-I J ^>JI U,>J <-Liil 

JLlP f yA JL» J-P 4-oJall 4-AjjJaJl fi JLgJ Iaj^d Lp jP Jj L» ^ JlSjj . LJL>- ijL-JLI ftd-A ^ « — ■> - ^ -Ja Z ,~*j 

( x e i? + i 3 + 210 = 1211 : iliUil i^L <i~>- 4 olUL jLfU»Vl 
: j j£J x[ = 11 jl^LpS/l i^Li x = (i2ix - 2io)$ = f(x) : JSUJI Jp iUUll o-U 
yi=/K) = (H 2 i)i<n 

x' = 10,3 -U-L 4 -lUS JLLP J 4 /( 10 , 3 ) = ( 1036 , 3)3 < 10,3 : Jb-U 4 10,3 ^ OUaiJL i Vl J UjJ 5 : iJ l^Lj 
! j j 5 j 4 10, 1 4 1/2 J OUdiJlj Jb»-L |*j $ 1/2 ~ /C 2 ^) = ( 1036 , 3)5 j 

/( 10 , 1 ) = ( 1012 , l)i< 10,1 

,x\ = 11 > Xj = io»3 > £3 = 10, 1 > ... : Ulzll j 4 viJLJlji Ijl^aj 4 x 3 = 10, 1 ia-Li 
ilb -L>-1 j f aJIjlJI JjLi 4 \jJsP ^P ^lJI ^P L* Ip^j l<1"^ j ) ) A»>». fl l l ^L^jLsaSll (1)1 Jl lj-A j mS^i 
xq O jS Jlp- AjI JLS'Jj Lf x = ^(x) AiiL*_JU xi j«L>" l jP JL->«--jj . (/(x) = (121x)a ! 5 CP^J J“* U-L^- 

. xj = 11 > xq - 4 (— > jlla.ll jJJ -1 



V (1)1 Vl cLLLJ! aJI Jyjx>- jl |t-P ji\ J -Pj 

• ^ Jl ^ Jd £r~d 

^1 (3) <bUll JJU jU4J t^jJaJ! ^1 — - aJUI J^il JXJL, J^J 

: JU! JiLiJl Jp <oUl ^ 

/(x) = x(b — ax — x 2 ) = c. 

. c yJi*Jl Igiily Jl /(x) J ^oj If. ^yll x — Xq A*JaJl *[£\ a^L-S/I aJL- 1I j 
i U^Jb- jl (j\P jj Jl (3 ) aJ:>U 11 {jA JJ Jl A-jLi* ^^rfjJaJl c4 

', AJ— 3l (JLojC—*»Ij 

x —+ y = x 0 — x j x —> y = x — x 0 

* j^lJldll jUjjLdl ^Japl I j-A a>- <JU, ^y j 

/(x 0 ) - /(*o + y) = 2x 0 (x 0 4 a)y - (b - x 2 Q )y 4- (3x 0 4- a)*/ 2 4 y 3 , 

/(x 0 ) - f(x 0 -y) = {b- x 2 Q )y - 2x 0 (x 0 4 a)y 4 (3x 0 4 a)^ - y 3 . J 

ik^^L. /(x 0 - y) 1 4 ^j f(x 0 + y) j f(x 0 ) ^ jjli -b ^jkJl j! X Mj 

I jl j-^jdl jj^J t]0, A 2 [ A>»— uiil ^y Ail 

^(3% + a - y) J y 2 ( 3x 0 + a + y) 

• (Ji k • “l (jl ^UalwK I . tju>* 

‘ /(* 0) > /(*o + y) Oj£j b-xl> 2x 0 (x„ + a) olS - lil _ 
• f(xo) > /(x 0 - y) ij j& ■ b-xl< 2 x 0 (x 0 + a) jlS lil _ 


b- xl = 2x 0 (x 0 + a) 


f(x 0 ) > f(x 0 + y), 
f(x 0 ) < f(x 0 - y); 


:<Mj 


‘ 4~JlJl ikUUJ (_-^-^ll jjbM Xq (j jS (Jk- ^ (Xfc l 

f'(x) = b — 2 ax — 3x 2 = 0, 

. i-ijjOil 5 jiii\ f(x) J < _ r Ji*Jl LljJl y& /(x 0 ) OjSO 

^J*y ^ (jlafrjls ojlpl (jl (Jl fljLi^/l j 

: (X_9- (Developpement de Taylor) 

f'{x 0 ) = 6 - 2ox 0 - 3xg; ^ }"(x 0 ) = -(3x 0 + o); i f'"(x 0 ) = -1 


1AV 



y c. — ^ f(x 0 - y)j f(x 0 + y) ^ y Jl aj-A-* U Jp 4 Oil ^ jUl ^ 

j-* dlj^all 1 -La ^ y d^SL L#J^p (ji>*^ ^L^ill Jl <J y- 4 * d^ <jl <1 )L~j Jid 

aJ:>L>c<JJ ^-^ll j^Jrl <^A ^^JajJl t^Iilfi /(x) ^iJI x a*J <1)SI <1) jiC: . jjL^aJl 

aLL»l_<JU j J->- j_a x 0 ex — ► x Q ± y J^.LJ . /'(x) = 0 

djX» jf J j-Lnil 1 1 JJ . sjujlJ-1 aI^UII ^y y (j j -4 c5*LJI JlA-I 4 f( x ) = 0 

j-> A_k-j Jl Aw>liL| a j_A ^ U^UaJl f\x) = 0 UiUll Jj J-p _jj JLi j-kJl 

4 1 j-x-p 2/ dj^L UjJLni $ «aJL» J l» IJbt jiai\ J m y (^JJl 4 f Jt*J JJl 

^ ( 1 / 2 ) 4 2/ j-4 AJllll (JjJJI ^ LaJja /(x 0 ±2/) jj > *^-L-Sfl p- — 2Jl» 

J-j-AJ -L>- (Jl A-_JLj jJflJl d! J_>-T <1)1^4 Li*-) JLij . 2/ OjLJl J^AJ *-4 AjjLJjI 

aj^ jJbLl ddVldi! (j jA-vaJl j ^Jaull ollfJl ^ a£>o (Fermat) la ^^-4 

l$:£J 4 1 <Jj^p3 J«p3 Jp j^oZjBa JLaJ ^1 oV ^L aII Aj Jaj <1)1 (^£jj 4 di| 4 1-Jl^A 

A--~«<JJ-^J| A-djjJl 4 AjjJiJl a-XA LS Jl '^"4^ • <-iUS ^j- 4 

If 4 0^1*11 y» Ji3 Jl-l ^ j^>- d aJL-^4 Jj£ ^ ytj 4 ^Jaj ajI • l$Jb»-j 

A_w>«_^Jw 4 A^lj^ (Jl 4-s4?li>“ J 4 L^JL>wL-<bj j^lJl o L . l> d.ft- U Lxs<j ^il A-JjjJl ^1 jl>-l (J| tiZyAj 
4 (j^JbJl a!>- i£ Jr yj • aLIaa Ailiiil A^jjJi y oL^ jjJ- ^^lawll AjI^JL) 

Uuj Jl^-3^ aJ[ Jj 4 Aj^j JL>*JL1 J. I JL1I jmju JL» JL>- ( jA 1^-3 j^Jaj oL« jjl ji>- ( J « ^1 

dl . (Polynomes dominants) oL; jjJ-l» ^ oLaJjI j£-\ eJU 

l -L a dl Lla ji^r d ^ 6 j-ap (Jl a ^ * 1 L |Jb>- j ^ * (J-P 1 I -La 

d ^ l a l » c _ 5 -s^»Ljj A-Jl J^yajJb d)t ^j-^A-J La fdj (5 jJL>JlI 

(^ J-W-) A ijj Ail dji t j-a A-a^DI AaJJL JaJii L^aI— 4 Ail>vjl (J^j ^ 5 -^ jJaJl (*L Jjals . <Jt*3 
N AjjjwiJI o-La dl . (jLaaiII AjLp y o j->-S/l oJla cJLa>> ^lll Cj\j >~ jJJl A jJ j 

jLi-iilj JJL> ^L«l LajLp J^LjLlJ UjJ 4 (m— «*^ o ajL>«jI ^jlaj j>~yi LL>-I^ LajLp J^lJLil 

dlS” 4 ^15” aJJUJI jt-jAliil aJL-Lcb Ijlj l)I iy>*Aj <1)1 l*L^d • A>olii 

Jk-Ui ISU . LgJlP AiJall oLJUaJI JP j ^-*aU1I yfr ^jCJI ^ A- a -J a . 1 I A*Jl] I A-^jlAi 

( j tf « J . A3 jjcil a JL a ^JD ^j-a JLi^ Ui" A— spLj-II A3 jjtll JbJL^ ^j-4 JL^ A^a^JaJI AiJJl AjLLS^ 
JyA jjlll j-«J dl (Jl JjLJI 11^- I j 4..Vila,.pl Jli x jJaJl ^LflJj>- dj-^Li <1)1 ld->- Jj_A*il 

. Aj>-J ^Jp O J* li^Jailj (_^J-^]| AiV^al] 

JLda o'y j^JJ Ja-A3 yy j*Sj ^1 oV^Lnil AjjJaJ dl ^j-A j-J J^- 4 L)| 

^ jd-Ll"! aIa.^Ijj (J ^1^1 ^jp <d^AxJl (1 )Ijl^ ^p Ijbljia bLcil -LaiJ o j^i-xl L^aI 4^LsL1 

jl 4A-JJl>wJl a— iju^Jl (Jl Jju Lk--3 (ju^iil ^jill cL»l>*iS/l y Lt-^lj V Lf JUoij o^-^-l -Xaj 

.^LJI JJ>dl Jl aLU, J5L 


.xxvii ^ d tA-i) jJUflil (r<t) 



<■ l— 4j jiaJ J . ./3 A <J <Jlj_J| ( j»P i^j\ 

. ^J^P LT^Ji Ui (JL^ aJL*JLJ «-j V UU . ^j^a jjji! jUaliLi 

ji (^ nr f u jyii) ^Sfi ^jJi ^t c ijl* jljl- ot ^ c j^uiLj cL^Jj 

^jJl p ...w-fli I ^3 4 4l^J . IJLgJ 4 ^«j2j pc^Ul c_dl ^lpl» 4 1 j ^l^a LJLs<5J Lj*> ^1 

|j-fc l ^.l*.. «!».«■> ^lll j^jLjcJLj j jJa.i.1 SJuIaJ! (5^-UJl <Lijj jJs jJ-Jaj 4 <1* llL , &j 

4^_*J! dUS ^ Cjhj^t ' >*j ^ *^>^1 Ul .a: 3 = a <J*LJLI J* 4^-Sfl 

4l^J 4 <L^otScJl oV^Lnil <U*dij jJfc 4 jLj ibL-*/U <1)15^ jJaJl <ji ji'JLi 

jjj> J N Ul \J 4^'^ u5 -i»jIaJ! ^J-p jtj otaL$-d LjjJj . ^j>-^5sJl JLla:J li^I 

•w-'LlS' jLjT j ^- la JLw>u Jlij . 4JL) jJa_i 4 -wjIj^ Ij^Lpl 2>y>-j ^J-P o jld! ^1 ^P 

j! ^jJLlL cJ_^ L jlJ (J^-*-p (^! cJj-*-i 'y 4 0^1 ^j>-j 4 Lll^J <dUJU» jllp 
LajjIj^ iJlSLaL (cjJL>-j La lil) dldJ III! *yj 4^yJ! !«1 a ^y» Jl>«J JL3J . jJixijL 

^^lll aJUL^iJI p-jJfcLall j_)j_lalJ L$_La Ju V 4 aJLpLa 4_)J^aj pLlaJ v— 'L^P 4 J-«jJ 

. oVjUI! ^ aJL-j 


.Y ^jjJI ^^LldO 

j 4<Jll! jjli Ue> ^J clP t j-JL-l u^L**^ ^ ^J-l 4 _jLJ c^jlil ^.Jjl ^ :>l(£\) 

. \ £ . >r ouijjji 


tfi,\ 




2uJai« ... t^;i>A.. ill 

«• 


V 


I jJL-b LsAjI JlJ 4 j-^“l <J^ ‘“ J pJ-P ^ * I jjl ^LaL>- p— A j ^1 

AjjJaj ^P j oliLLill »— >Lw*w>- 4 <—J 1—^-1 |*JLp ^P 4 cJb JL>*JU (jjAJl 4^*^-l 

4 j-J«-l ^J-p a— jli^JIj 44 — <jii$JI ^Lp j^-I j. : . : Lt. < r 4 ol «. ; l«:ll fiJiA .^IjlpS/1 ^ ^jlJUJ 
^3 oJUJL>- « JiCJL; ^3 L-iL-I Ijj^ C— -*J 4jJjL- J l ^Jva.all ^3 LaLl^Lp ^yJI 

j - 1 4 — uJ Ij^ajj . 6 Jj J->- 4— ^»Lj J jstf i ^ JiVl jl 4 oLs^L^Jl 

I 0+0 

V*JLcJ! ■>! j- 4 ®^W cr* -kJii Lji' ^ I j_p . L jjj~J> 

|Jl£* . SJuJl>- 4 y> J|Jj>- ^ 4 4^?li»-j 4 UAjI LoJlj 4 l$S ^J pj l^J jJi>- £— < jjj 4 1^-JaJjj 

JJUJlj ^iJLpbU v'lxJI sjujlJLI 4^JbJI Jui>Jl J ^ijjl JJL>^1 J£-U 

aS/l ^1 o-jLS" ^iJl <J j -* * H fiJu ^jjIj jLii-Lj jlai— j — mj . ^ £!-*>%. »/3 ll 1 3^J jlII 

. (Y) 1^1pL jJ y^r 4-— < jJaJl 


.^jli Vjiij ^-lU ^ J~eud\ UL* ^li (*) 

. (^ jL\) . ix->wail 3lJLpVl ip j-jf i^l 0 ) 

JaUjjJLll J»l>>lJlj c^^jLil jjJl ^JL*J J j./aa]\ ^P ^JjulJL it— . «Jl {y* (Y) 

. Lfrl^l j3 ^J-P ijj^jdl oL-pLjJI <J j-jaJ oIJlp^LJ jj.JL.Li.il I jjjialllj ^w>i— aJl 

fUl tfCjjP ^ I U^lji ^ VI yt US’ JjVl J^ill IJub Jp ^ ^ J^LLJI I Jut uo ^JUi 
Roshdi Rashed, «Algebre et linguistique: L’ Analyse combinatoire dans la science : j & ;i . ^ ^VY* 
arabe,» dans: Robert S. Cohen, ed., Boston Studies in the Philosophy of Sciences (Boston: Reidel 
Pub. Co., 1973), pp. 383-399. 

jJ> JJU^I jjp J.ii — * ^ JlL ^1 ', (^} 4-— jJL IjlSU j 



JLiljdl JJUdl 

JUtfi Oj* j-fJaj l$\ t Ap-3L* aJL^Joj ^JLil jlJl JaLtjJl j-P <JL^«_Jl jl 

- «^^J|» j «JUl» j j «^JL*JI» . J jjJ-l jily dlk Jp S^L-j 4^1^ 

Js»LJLJl 1.1* AxjLu lot . J* 4(1 )j^ bj AllliJl A>-jjJl £jA oV^IaII (Jl^Jol 

IaJL?-j ^L>tjVl dJ-A jl . j>~\ y^ aj»1 jkj fij-p | jj J| 

^2JI ji)l kUjJl IJLa d)i ^p . oLmsLjjJI ja JuMfliS' ^JLil yJl *l£J1 Jl c-ot ^jJl 

j.jJ- 1 f-LJLp JlLPj ^ ^jujjJLII JJLP (a JLa~o AAj jiaj 4 jPxl!l iJlfc Jp l Ju Jj 

;bk st^j ai-*-* Or! |*-> ,y 

j jiil c IajL^j . . . 4-w^Ljj 4 A^jLJb j c Aj jjJ ! IoJIaIa L>- Aw^lj 

jJlxij I y>- j]& ^jjJLII ajL^^IaJI j (jujJJLil jjp kLLJl IJLa jl>*J x^LJl 

> > ^ 
^t->jlj Jjy . jja jJl pJLp j oL^-pxaII j oLaialll ^Jp ! <W?L>- /^j^Lwa Aj^j c AaUI 

J^JLj d)L>cu>(l j^-VI I JLa j . (^VAI _ V \ A ^IaJI) Jp*l ^ji JJjM aj^jJI ^ ^LaJI «Jla 
( r) 

JJji-l Jti3 . (j*j-*Jl |%-5J-l*il pJLp ^IJLpI J~-^ J^l jlilj OLJ jlll C^L-J>0 

Jl Jpjdl JLJl ^Ijlj • oUjLil alLap J| jyjl calls' aaJj* ^ 

^mS^LxIja ^LJsJ aLmvj 4 A^>- 4 (aj^IaJJL^I) 4-31 j AAjjiau Axiil oL»JL^ ^IjLmj 

<1)1 La^La^ ^iJl Aj JaJl jlk i aj bli ♦ ^ ^^4 ^j>ka1 I cIjIjI^^ oUKJl ap^*j^ 

4 ajJl>o 5 <_5 ^p-5 (£ V Jl r ^ C-J ^Jl jb . a^UlI aaJUI ^ Lj ^y>- ^ oJUl 
4 j^LsaII ap LJ a.w-» ( a-j^aJI a-JL£JJ jji^ll cbj^-5 ^ jlp Ll® t'j) 1 ^ r ^ 5 

eJufc ^ja 1 aat kjp- Ob 4 JbJLj *t JJLii-l Jj-aj 1*-$’ aj^aII <iJJl oUKJl 4 JbJLj 

4-.a31j> bj . aJcUI J^JLj ^111 jA 4 j^L,tf »o.JLJ AjjaJLII A-J J .,/all JlpI J ill ap ^^>xil 


Roshdi Rashed, : ^UJl ^ JJ jiaill 0 .,L:>_^jlJI Ji^J! ^p jt 

«L’ Analyse diophantienne au X eme siecle: L’Exemple d’al-Khazin,» Revue d’histoire des sciences, 
vol. 32, no. 3 (1979), pp. 193-222. 

pjj |i jjij olJp^b oJLlilJl Aj^JajJl l-^J UajI <~ ~k j J jX . Jl ^va_»j 

Roshdi Rashed, «Nombres amiables, : Jill . \ *{AV ^UJI ^ Li-I I 4 JI ci ydl 

parties aliquotes et nombres figures aux XIII e -XIV e siecles,» Archive for History of Exact 
Sciences, vol. 28, no. 2 (1983), pp. 107-147. 


! ^ l^Jl C-.+..j» J>> 1 «^p! 6jjSjl\ oUljjJl aJLA OjJLi JLij 

Roshdi Rashed, Entre arithmetique et algebre: Recherches sur Vhistoire des mathematiques arabes, 
collection sciences et philosophic arabes (Paris: Les Belles lettres, 1984). 

Rashed, «Algebre et linguistique: L* Analyse combinatoire dans la science arabe». : JaJl (D 
= j* i (Arrangements) oLJ jA\ oJlp j . Lf~J f ‘b >>- a I j-» r (i) 

. (j*->- jiil) . n = 27 iJbjtiSlI uJ jJp jjh n 


(n - r)! 



i aJWjJ! oLiiDl I (J| JLiu L*-j jL^J aJ»UI ^- > oo> 

. SjjS'JAl JlpI jiJl sl^>- 


ULfcj c a^jjJL jJalll jJLp ^l$Jl d*>cJl lijb ^pL^ 9 O^olil 4 dJUS Jl oLjl 

_ jl J-S\j jji _ I jiJl 3 JLp 4 ^ >■ all t^jLjll) tJJLit-1 I JLi . V jl J-liM 4_J Li 

o^LjliII 3 Jlp ir 6 {2, 3, .., 5} d^w>- to j^t r Jl r ^ 4 ajJlpxjVI 4 _s y»S/ 

! j*li c j~j£jj . cJ yi r {ja l ja'j JS ^y 



. 1 < r < 5 j a,JL>oS!I cJ y4 iJlp y* n 


y*j • O* oLllS" ^y 6 J-A 4 jLL*j>-j JJ*iM Ajj Jaj J ->dj 

AjjjJoIj |»U ^Ul 4 j j-4 jJl pJLp ^y i— iJlAj <j j ] a\ l l aJLa 4 (_£ jJ-l 4^_>- 

ylj yl |» g « . > y# Ojjjjil oJL*-» 4 ^^L-oJLJ ^-wrfllll j jJaJl y* p-IjjLjI <jJu£Jl 

j • - I** 1 ^y 4 yyA ^L*JLp» o L iCL^ I A3^ < J^^Ul (JjjlJl 4;l«bj AL*P l) ylJl Aj ly ^_y 4 L-LL-L 

iw^Lwu^lj j ijjjjJLj o 1 jJl jJ j 4 oL-SJajJJ JJL-Ll JJl>*_2j 4 IjLa .^. JLp 

JJbLb Lju 4 jjJUl jlS y* JJj J+& 3 J-p U ii . jyl y llj o^Lj-iII 

. (o) l$lJLi j jjaJ\ ^1 p ^y c 

4j ly ^y 4 LjIj LJ' 4 I JhA yj ^««J“1 4 ^l^Jl ^yL*3l yJl IsLJLJI 1*La l)L1 

yj cl->^LaL*-4 c—>Lw-JL>-V ^Lm^LI d-J-til Jbjj^JLj eJLpU 4 ^^L^JLJ ^LJI o jJL Jl 

: SjlcUII I -li* • 

o-CiiX"; 1 ) 

(«+»)■- eC)»“' i >' 

r=0 


(*) 


j-j jLLp JlJjS : (David Kahn) jits' JLib I The Codebreakers -uliS' (o) 

David Kahn, T/i£ Codebreakers: : ^1 . j J t...iJL:5'l ^ Jj! lyKi . ^jJl 

The Story of Secret Writing (New York: Macmillan, 1967), p. 93. 

j* La f\jj . y c.....** & J^aj JL*f JL* t-j J jaII i UlA ^3 I 

Ahmad Ibn ‘Ali Ibn : ojJl^jVI Jl a . .1 ■>• j y*l oLlS' JJLlj 4 ^ A * 1 ^LJl y (Joseph Hammer) 
Wahshiyah, Ancient Alphabets and Hieroglyphic Characters Explained, english translation by 
Joseph Hammer (London: W. Bulmer, 1806). 

C. E. Bosworth, «The Section on Codes and their Decipherment in Qalqashandi’s : l .,<•> J ^ J3 :i 
Subh al-a’sha,» Journal of Semitic Studies, vol. 8 (1963), pp. 17-33. 

SjA j-Uj ^jXjuj olli_pJLi l jyLl iqyll <>i (.^4 0-i tJlj-A— Jl ("l) 

. I4JL Lj ^ * t y? 4 ( \ \ vr 4 JJL o Lc«l>- : JJL43) ^ ^ LJLuJI <_j^3l iLJL* 4 JLilj ^jl tjj 


nr 




(\ _ \T> jjj 

jMj y*Ul 4 (\Wi/«V< o) y>ll ^ ^ Jl J- — Jt 
. (YV\A iL i I jT jJa£ c J 


li-L tl l J y>- j-iLwJl 
. <J?U oL-J»LjJl ^ Lf-i j51j Jjt 6^>j 

Ul> S-Lpii L yr b <_** ^-^dJ 

Ula ^i)I sjlpIDI ( _^aj tib Jj->- cLUj^j n^-Alil 

■ 

(i + y)n = 52 (*) ® n ~ fc V* . neJV ' 


t jJ’-t' ^LJl (j yUl j jJ-UJI o jiJl ^ oL-J»UjJI ^ *-Aa 

wLaJj c jJL JL*-£ j <^153) i j.w —»* JL-l>j ^*^jiaJl Alf- 

■ J* d j-^Ul 0 J*hi 


HI 





! r l (g£ 


m *'n v 




’ 


0 ; x-> *-<>£/ vy> J u'^kjU *^->yi*jc. 

'* Vj^ tK^iJ 63 \j£ji* 

- f'-H...-. ^ :■-- - , 


(y . \y)fjjijj^\ 

l/ Lf$ L* Jtj*— ^ 

. (YV\ A l Li y# LT He jia£ t J ^.:L. J) 

: aJUI SJLpUU aj j~>- apL^o Jjl <>Jl^]\ aJLa ^y 1 ji 

m, n <E Z ^ z n x m = x n +™ 

< j^j *-*-tj * jJl (j-* £_y li* \£y L*-^ Jjl-i^"! j jJl 

^y a^.-.'T oJuLL c. » ...Tl ty! N| Jl* «:,^Vl a. » ^ aJL— ijJI aJL* cJLS* 

. flJLtf-lill a AJj yc< A*Lf- ApL-u» J jl j> ll> a^yii i 1 J ■ aJl>- jil aAa 


4 *^i* (Jl^g ...ll ii-ti . j^yLL»»>- ^jA SJbjJU JLpI jjjJ 1 ( j^Jauj j*^-l fli JLitJj 

jil J ills Sj . J_$_s £ fJA iJaiM CjV^LxII ^ ^UaJ t yp d — >«-jj LLjN j-j-af 0 jJi* 

- (Indices) ^ j-Jl JLLj - oV ^/Jl t OjJLJl j*L 5 jl S j-l*Jl 

Jjl jlJl iijjJs* UajI £-Jlj , oVj>U* T1 * jA j*Uaj 1 Jl$Ca J-a>-j 1 Al— j Al**i 

ft JL a ^ . 4*^ *.*,- 1 ^ -* JL> j * 1 ■ * aJ i^J (jjt l ^UajJl aJj 1 tfl 4 ^ * £ t Js»j ^>i ll 


c jjJlj d*«>*l!l *LjI ajLLiSII jlpI JjoJ! oIaj aJLjI ^jJI oULdjJl 

. oU»LJI ^ Ju -ill J-sAaJ! IJia j j jJ jUil Js>j jJJl 

^^Lil ^jJl ^JlsAjoJI I -La 3^L4 iLl^ d jl (Jl j^JL j jl 4 dJJS 

CjIj^IS (^5?" j^ll La Up! ^l)l JpI j«aU ^1 4 . . . AjLLjI j ^LaJj A^Ld-l dlt* 1 1 M ^x-s<g| jJl 
Jp .iy>L 11 a I^^JLL ^ j-JLl *UIp jl ^HlpVI sVUll ^ .^L^ 

p-^-li (j^J ^ IdA I ^Ja^-V Jla j-ll *LJp jL ^iSta p\ ^JJIAj 4 

. la. «. > P-J-Jl -L-P «i<a Jl fl-L^» 1^ j.n^ > |il ^i ■ aJ A>*-s^l 4 xm ^ pUaP^f (J-p-P ^aL ^ I 

jp l$JL>- Ij^l jl <_£ ^1 JjL-^a jl oL-^LjJl ^ JjL^4 cLx-J ^yLal jJl c-jU-I jLp! ji 

3^xj jl (J*^>*il S j^'i/l I 1 a 4 ji>l j\ J^du 4<jl ^ . o-mJI Jl Ip JlSjj . otw?L jJl (Jjjl 

^pS/I I 1a lLjL>I ^jJI L jjJla^jj 4 3^LU jIp td-JLJl j jlll Ju3 U (Jl ^AjaljjJl 
- ^ Y * \ ) L _ J —jUl ^jJl J..ya ) cJ J. JLaII j oU>L ^J l jiLJ jS/l J j-^f- ^yaJ J, ./a ij 

apjJLj 4 ^~di3l Ilf- j*lp (Jp jlS I 1 a jl Jp ^ ^aill 11 a S*IJ» JdJ . (^UW 

LiS j\ [Jyr LaJL>*j 4 oL>r.lla >/a.oj 4JP j-joj Aj ^»J— — p f-^Jj All Jp 51L«-j ( ^ wkjH ^1) 

; (JLJl ^Ijjlil Jlj— Jl c j-p a_jL>-V! 4 Ijla 4 L5 - ta -jUl iljt jJ j . ajUIj*- jllp 

^LS J\ . jJIj Jj^l l-uil ^ ^LdVl ^ L^aLj^N JJLJJ L^S» 

Jail UJ1 4^1 jjlll ^>J1 Jl>- aIUx La L1j ?^I^Jl ^ \i^\ ^Li-Hl 

Ju?* tj^ll I 1 a (31^ L5^d ■ L-*^Lj A^lJliJl ijLil oIa Jl>- J-Aj flj-sdl J-SUI 

<L>->->- 4 LjIS k Jl k ^ oS jJ»-La 4 Sj_jLk_iil oLdlSUl ^ n (j--il j-j ^JLp * >L-— s^-l ^J-p 

4 4->L~j>- 4 7i = 12 JU- ^ 5J(”) (— pli IjSLa . 1 < k < n 

dJLll» 4 ||JLp ^ AjLiS 4 cr La-p| JLi jl 4 jNl jiUj 

. jlp i jjjji aIa ^ j.ii * j»ii 4jjSH ^ La j . . . 4x-si> j jjjiSj ^U-I 

. aJcmm0 ^111-1 l^aaljj 4 AjJL>«jV| ^ ^ ^-<jJaJl 4 «— jL*1 I 11 a 4 j^J 

(Jl 4 Ij-sAlP 71= 12 Jl (Jl iilrfM 4 jJa^i 4 aJL/5 V I AjJLJl IJLxj ^uj jJaJl 3 j-*jj 
^ aJLII 3 jxJ . ajjSJil \ Y Jl j-»/jLjJ| (Jp l^-La li*>Uaj| Jl-sAp- 4 iJjl j-spLp 771 = 4 
771 = 4 jjx iJLJl j 4 I^jLw> I j-sdip 7i = 12 (JjS/l i <oLj15JI ^ jcii 1>I J| ^1 jJl 

«Metaphysique et combinatoire». : ^ j JLi Li— !jj> Joj\ (A) 

l LL>L uSll t o'Jlj*— » jij^~ ® 4 ^*1 j^llj l^LII c ^Ul ^jJl (^) 

j^lI) r *jii t y ♦ i^jij t \n.u^ ^ t (mv ^ y j y ►jJli t y* — si 



s jLp j]ai\ ^ jajj . L|- ^LJjJl JjI jp. Jl ^ jlp c->Lm>» djj <• SjjL^l* ^-^Lp 

: J 


. 0 < p < 16 



yp C-43 y J ^1 4 4-Lj L*jjJ 4 jjUJL Ji! Jp tJ - * 

A-^Lm^V I JLpI jiJl A_Pj_4*j£ yp ki-Li-LSj 4 AjLJLiI Oj_»L 5 ypj ^JL*b\jZS\ 

jJt+S' ^->1 jJl (J j-fljl AjI JIjj Al^P (J yiJl Ajly ^A3 4 LajL**» Ljfe jj L^5 " f . yJl JJb>*JJ 

IJLa Jl 4ilJLP^/l AjjJa j yp il*>o ^y o) jliJl yjjJl Jl*S^ 4 ^*>L.JLl 

o^Lp aj 4 aj^JlmJI oLj jJlU c^JLtlU o~Juj j ~~jcS\ 

4 ^(Nombres figures) aJISLiJI ^1 -IpS/ 1 ejLJb Js4 y * j 4£jljJl ^y . (Pascal) JlSL^U 

: aJIiL) AlilSl* Ai^P ^jUJl 


*?= 



') 


. 9 iJp Fi = 1 ijl Up 49 isrj-Ul ,yj p dr 4 a-Ull j-* i*)J 4 J— »■ 

< " ) «LJI ^1 jir k otj-ii JUpSl .1* Jl ^ ;.-..4 ^jUJl Lj-jj kjXJ 

^Sli ijl* j .^i^Ji jju^Ji Ji ‘j£\j* j u kiJ^Ji j ib^. ( r \r n o) 

•if'l^ Jp J C <Li kJj jjkil Jpl J aJI JhHImJJ 4 ^Ajljlll jmm4*U ^ioIjJI y5 

j-il _^Jl j o^LjlxJI JpI jJj r JJ r ^ ±>_* ^ jjj ^ 4 SjjUll oLJlSLJl n k_~j J 

: Jjji ja j]\ 

(n) r = n(n — l)...(n — r + 1 ) 


(n)„ = n! 

/m (n) r 
W r! ’ 

. Oj y Aj^i> 4iUS Jui UUopI yJl ($l0 0 jL*Jl y« ^lj ^ * culi^hp ^y* ^ 


Roshdi Rashed: «Materiaux pour l’histoire des nombres amiables et de l’ana- : j la II ( \ • ) 

lyse combinatoire,» Journal for the History of Arabic Science, vol. 6, nos. 1-2 (1982), pp. 209-278, 
et «Nombres amiables, parties aliquotes et nombres figures aux XIII 6 - XIV C siecles,» pp. 107-147. 

. jIjJUaII ( \ \ ) 



Lwlj i ^^jj-laJl *Ll*JI 4. 4 1.3^ ^1 

ol^JJa-sail JfJL; ^yJl t <5 ^ oL«L*jlaN I aJLa ji . IJLa aJLaipI ^JUI 
JL3 L5 ji J.S'jJj (.jJlaJ <wai *>UJ ^ I l l of J-P Joj 4 L$J~a 
J-3 Jl ^CuS ^jSsJLJ Ji ^yLJI jJlll JJL>*l]| of LajLLo 4 ^1 jj>\ ft jJLp Jll» ^ ' T) ULULUf 

^4-i J^“ J* <3tr^ t (j^iJji! ^J-a £-aj . ►bJl c ^— jU)1 

(J L A^~ C^j. L^f ^ oLol JJ ills' 4 ( JL>- AP JmJ <J^A>“ JjLal UjIj 4 la At 4*Jl}| ^f 

JJbJi JJ (j jialJi . 4-JbU a JL a Juu La JJ ^+/ia\\ IJla j OjJaJl ft jlA C^Ajj 

(J! (j J^AJ 4 JJL$ . ^UjC-~A oVLia 4 J C— * J 4 L^Jl oUJj^ cJJLJs- ^ ^yLJI jlJl 

4^^! V JUI Jp 4^ ^jJ oULj £LIp JjUJl 

jlxl— (U . cJj ^jj ^jj-Ul ^yLt J 4 ^ 4 ^ ^^SJLa jjl 4JJUU1I jj-jlj t ^ 

JlfcJM JJt-* jUcl^U L.tj 4-ql l~±uj <ioplij 4^L^Ll oJlil! JJljSfl &WI 

c5 -ijj-4k_» jJutlj L*~jJ Lai . ^Jj J-jjJl A ^]g *J 4 ^ >L .. *^-I p J P ^3 4->tl£ <_£ j-aJJI 

^..j. vQ,3l a_p ^Lujl^I (^jJI 4^^-L^-l a ^-JL) j 4 Ij-ft jS .Ji J b 4 4-Lc-..ll ^JjL^^JI 

J -^aJlL l L> JkU 1 j~~Jl J fJO L«-5" 4 L^mJ ^Jj^U ^ x jlaAJ (JjLwJI ^ajJi J 4 <-^L^S/l 

o jJ ^j-a jf (^LlajJl jf iwol jil) JLjJI aLpI ja ^-A 4 <J j3 ^j-a jl ju^jJLj oL-O^jJI 

iw-J L) l «.«».,>i:.. ) ^Lutil ^ ^3 33^0 4 ^ IjJi 4>AA>M«ta)L> 4 <« A t ^J u >.w 1 1 4 ^jLpl^a 

jJaJl iJLLa aj j+*jA Lb _^flsu 4 oLLJ-l oJL* ^ +~s.\ j . ^ V \ j^aP 0 Lp L-LJ 

^ C<\ - NT) JjjJLl oUSj 4 3JLPJ aJSJJ\ jIjlpVi ^ 

.n= 12 


Rashed, «Materiaux pour Fhistoire des nombres amiables ct de l’analyse ( ^ Y ) 
combinatoire,» p. 210. 

jA jJl J^A^> jf-t J (oLm^I ^iLU 4^LS3| 3 i^lLuy* JL J^jjJl vi^L^ O^**) 

t j * ‘ Mj Lg-LJaJJ t-jLiOl jl3 I o jjbUJl) ^.ala I JL j-P Oc^-ij^ ^ ^^JLJI ^La^-I ^JL?* JL«^j 

.^LJ-i oOdi a^iii Jia, o--^ 4 vt . vr ^ 4(^^nv 

^la aj S (a jjaLaJl 4 jb 4 ^ AY 4 i-J»Lj aJ» jJo^) |»jSfl ujLu^^/l t ^.LJLajJl OJUUI ( \ O 

4 - 5 jaJL *L_w-Vl 4 oOlil ^ ^JL.jlJI . 1 V _ 11 Qv ll :»ti S flll ^L^-l 0.JLL1I 

. jLai^L ^Jl . . . gjAj 

: >;! . ( 1 ^ 4 ^L,yh U»>i: 4AJWUI 4 t)_*Lk-l) yLJ-l 4 ^ 3 jJl -U* (>a) 

/' J Y*j > jLij^ll 4^LJJ OJLll 

. J \TA. *\TV Obi jjJI 4(0^L-. Jjj 4HI ^SlaJl JjAi (U) 

«Metaphysique et combinatoire». JLi Li^lji ^Jail ( \ V) 




O - JjJbU 


( y> jS\ ta-ip IJu jP^/l oL^LjJl <Jp ULJ tLjjjJl oL-pL jJl 
ftt JL^pVI jl*j L^-^wx V t a^JLpI <Jp i lI w ? ji Ji SjJd o i-Aj 4 a^jLkJI 
yLp ^ULl j ^aJl JA oL .plj ^ILp yij t^KJl jp ( ' A) (Paul Luckey) jJ ^ 
4-JLjli-l C-jLwrf'yi 4jjJC*pJl ^jl^J <jl Jp . .>!>LdJ 

Jju t JL>- jl i ^J> jJl I -La jy^ ^ y* <■ I^LgJ 

<Jp ^ fc >L-oJJ jJLp (jliJl j jJjJl ^ t jljoJI ^j-4 jL ut-j oLJVl ^ luSLc 

oJla UjLjuj . ^ ^jJI <— c->LliS^ tills ^Jp L*5^ t^'yi 

j j-ill ^v« oL-pLj |il p j-aj cjj^JLl Vli.4 Lljl>- I 4 JI luLpl ^^ill t JL^pVI 


Paul Luckey, «Die Ausziehung der «-ten Wurzel und der Binomische Lehrsatz in der ( \ A) 
Islamischen Mathematik,» Mathematische Annalen, Bd. 120 (1948), pp. 217-247. 

Roshdi Rashed, «L’ Ex traction de la racine n ,cmc et l’invention des fractions decimates, ( \ \) 

XI C - XII C siecle,» Archive for History of Exact Sciences, vol. 18, no. 3 (1978), pp. 191-243, 
reimprime dans: Rashed, Entre arithmetique et algebre: Recherches sur Vhistoire des 
mathematiques arabes, pp. 93-145. 

Sharaf al-DIn al-TusI, (Euvres mathematiques: Algebre et geometrie au XIT : (Y *) 
siecle, texte edite et traduit par Roshdi Rashed, 2 vols. (Paris: Les Belles lettres, 1986), vol. 1, 
pp. lix-cxxxiv. 


t\\ 




. oLjJiiJl 4 *IjjJI SJLp j£*s* ^^LL| 

. JU^ jJl ^Jp |wUJl ciiLaJl ^JLkjj j^T^i L5-jj ^*Ljj 1 ® a -L a JaJ j j 

LfUlj . £~-yJl l-L^J ajjj jJx . Jl AjjJaJl (3 jJoJl J J T \ c-il£L ^1 t *JI ^Jl 

o-La J^.la:) Lwl j Ijl-LwP UajI ^ JLi LJlj . LJLi ! ji Ji JLpI jiJlj ^ jjJ-1 oIjLjJ! 

4^>- . Aj^JbJl oV^UJU 4x>-^il jjJULl JbJt>*iI ojjJail (jj^iaJl ! oLjJilJl 

. UldJ oVlJdl JUSLl^II J:L^ S^Lc-J Jp oU*Ljl *LJLp ^^LiJ! d^Jl 

> * 

ISU . oUj-MaJl ^ ^^*-£11 ^3 JjJ* Jti J~j* IaJS’ C(3 jJaJl fl-Lh ^a 

Jl-PxI*JlI ( j-a ^lll 4 Aj^JLxJI oLjJilJl {jA 4^jJ ip j^j£- ^ul JlSwo Lu 

. oUL^ll 3 JLp ^3 

t frL^_Lp Lajl^-j! <-ojlkJI ^^Ll .^jlp j^p 4 4_*_^ I ^ jjl±j 

ijjLdil j 4 oL^jjlj-?*JJ jJl j-» j^jlILS" o ju jl>- jjL^ cJULlSI 

CJ<LjjJSlJl (J^>- j^pl^Jl ^^tlil 4jLs<ai>-ljj 4(_£l 4 ^j.«/3 $S/ 1 jL>*l i— 3 -Lj- dJ L.jjl>l 

• 

^1 j>tS^ji\ I (_£3Jl*Jl JJUjJl C^k-^Uj ^1 i— mmJ jJl <Jjji^-l ^1 3 j-AJ (1)1 4 ISl 4 ^3-*J 

■ iS O’ 4 <i J^j 4 ^ oV^LaII 3~laJ jjJL£-I 


jj-U-I ^*1 oL-ajjl j->- Lj^L^ 4 5-jjjdl oL-^LjJl ^jjlJ ^3 LJLpjI L«JL^ 

Luj j 4^>l J-n 4>1 J3 oL«jjlji! oJLa { jJuuj $ !l 

oJla jl jlL . jl ^jJl oL-s^Ij jJl ^UuJ 1 * Jl (_^ jjla J-^>t ^ 

LaLL_pI oLjL jJl ^i»-T ^JLp L jj Jii 4 jl*_) jl L^JL^l 3j*j1 4 oL->» jjljji-l 

3^LwJU jJJp (jllll j ji . Jl j j j-aJl ^ pIjh>U . L^jblil Mjuc« iJbJL>- obl-ii^l 

j\ ^ t *Jc£ J S (jl . (j jJL > Jl c->LJ-l JLp ^ ^liS' J £ <£j ~>- 1 4 JiS/l 

- * , . ** * ' *• * , 

^ 4 UL>-lj 4 AmmA^iJI j jjJJLI ^| j^>d—»l L^> ^P ^^3 

J-sil ^yA 4_jjJUl3 (. I ^Jl IJl^- j5^jJ il (, ^j>wj j . 3-LaJ (n idme ) (jj^Jl 

^iaLull jLjj«Vl I Jla j . jL^a^-1 jl ^ jjjJl jl jLJij5^ cJl^-pt^ 4 JUpSM cii 

p-Lk— *<1 ^-J-LiJ Jp 4j^JL«-pI ^ lijj J-Jj \£y-» *>L*J 4 

(JLiJjJ . i-Jjjjl 4jJ ^Jl c.«-l AJ jS |t-^JLo-pI jl J-Aj jfl «*..> 4-^.»>i 3jju ULjJ 4 jfuflJjil fi")! J* 
<J 3 jjH ^Ul -Liiil! _ JiiSn <3^ SjjLJl i?UJL - S^LpI j j£s^a 4 lilLo. ^ (3j\ jli 

l jJl*-> U j _ Lio-p jjLS’^/l N J La Jii !> ^i5"S/l c^m.J <JU- J5 0 Lp c5 ill _ jUk-p'yi o-La 

. 0 j-A ^3 LJaj Lj^ 4 LjLJJiS'I ^^^s< a *ll £jA 


0 * * 



*2>-J 4^ ^j-Jl SjAJLi p-lp y Calls' y 4£jlSI JLflli i y j jlji-L> Uj 

y^yJl j*a4*I <aw? c(^\*VV y*j o) ®^^IjJuJI# oLuL^Jl ^11 p L« 

y*iJl ^Jp t a £* i 4jc«^aJl aJLa <. TV = a 2 + r* yi Ll*j ISU . N ^>***0 

: JLJI 

a) #=« + ^. 


yi^jj • o^J* J 2^ ^0 »w*jyj J -* Ljfc 0l j-^Alll ye* (^^IJLwJl ^JjaJu ^l j 

. m \/3j >/2 J* ^ £^i*J 

Jl^iVl i>-L— » y *y yj* -H ®-P"^ <yj c^j c (j^ 

<J j} y C*w&»^P j cfljLLs^S/l SJpli# Juy UJ C»*.W (_£ >-! SjLp 4 ^^Jlj 4 >>^,..11 

I SjU*Jl If- . {*,aa)j ^ ( t jj*^\ j-U-l ^1 y«iJ *Lp 


(2) VN = ^VNmF k 

m k „ 

.kj m oUs-^waJl Ol^JLaJl 0 ^ U 

ojLjcl^I j . j-4 y^ S j_>-Vi SjLp ^Jp tn = 3j m = 60 U*-J j UJj 

oJLa JL>*j 4 JaJai aJJLo i AjVu ^Jp IjUaJI tlJL^J . oLjL jJl ^ la a< y SJpLill eJjfc 

jjii-l £-1 ^oT j»UJl y ^jJiVl 4iJl ^JJl Jj^iijl cjIiS' y oJpUJI 

4 JI +Aj yj 4 ^ jiJ^I ^*i t JJJJ 4 JU&JI c_jU yj 4 ^4~^*SUI| j 

. jyJi jJJLI ^!>w^V (fUVr/ \ WT fUJl) jtyJU ^0^)1 ^LJ-I 

Juji! ^U£j y oL-jL^Jl *UIp jllp iyljl <J-p JJ-* L»J J~Oj 

y 44 JUI SjLyJ! 4 5^ul Sj^ill Dull ^y ^JLliVl <_^pl JLii . u^jJLlU 

'. oIjLp 


(3) 


VN = a + 


r 

2a + 1 


1 j-* yiji . Ayy^ui 4 jl>i^j cji (j*A->- vi cjLi^ji ijla tj^iu ^ 4 <pi—Ji { y^~ (to 

. ipj-^jll ^ l*^* 1 {J*-*** jVI 4jjJjI yLp ^iLJl ^^j-sdiLl 

1 0 -U 1 I y aJL- j ^ y iUS^II t^^lJLiJl yLU y yLSJl jlp j j -,>» - j jj! .’ jJajl (TY) 

.VI y» t ( \ ^ A 0 t O^jJl oU»jJo>JlI Jlfjc* ! Cj^il) dlJL*— Jj?* 1 (JjiP 
tt 4 (^ 1 * t[.j.^] 1 J.;^Jl tiLljJU>-) cf*-^ 1 J^Uj ‘ 0-1 y mUj£ ‘ (W) 

Marshall Clagett, ed., Archimedes in the Middle Ages, : ^y a^jVJI yJl UajI jJDI . Y 0 y» 
University of Wisconsin Publications in Medieval Science; 6, 5 vols. (Madison, Wis.: University 
of Wisconsin Press, 1964 - 1984), vol. 1, p. 350, and the commentary by the editor, p. 367. 

.1* 1 L « . ^ l -g H v^Liin ^ I J ^ 44)1 4 JLAi V I ^ . ftl ^j| JL^i ^»wLl (Yi) 

.r\£ .r^j Y > A y, 4(^^vr yLJlj L-^ydJ ic>JUl : OUp) 

At . Aij A* . VI y 4 ^-UlI y aJL-^ £. u^LJ-l y U^JI (Y<0 



c ^Approximation conventionnelle») c^jJLill# Juu U-J j 

c aLj^ La 2(2 4* 1 (J-LLal ctUJLSj 

. A JLftJ ( j^a J 


Lw*-s^j lip <.N 1 jiJ*-l Jj>-I ^ c^OjJLJl ^IjJlJI ^^iapl 

: jJp 4 3 Jlp a 4 TV = a 3 4- r 


(4) 


vO/V — a -f 


r 

3a 2 -f 3a 4- 1 


*LJLp oJLp LaLLpI ^yJl ip L a ^JlkJ ^ t Jw?LL]| ^ ^ . Al V 

j-J^UJl (1) j^Jl LLfi tjJ* (j^aL^jal JJLp t-43 jZL*m 4 JuLdlLj . jjJLLl oLiL _^Jl 

jA *>l*i ^j^Aiil Jl il 4(l)UaJ^o 4 ilJl t)| <Jj3 ^ 4 jUL^Nl jli-Aj 4 3 ^LaJU 

ij-i jL-i . jS . (Ruffini-Homer) yjjA - Vij' ^ J1 <J^y Vjj' 

oils' ^^3 4 jJ v— *-*-*3- ^jll^JI J-^Sn oli 4 0-4 jj1^-4-I a -La uLLJ 

Jj 4 0*jjlji-l 0J4 - jJLp jJp Joa* v^So ^1 ^jI *\ <1)^/1 ci yu < J>^J J-l 

< — > jLJu LaJ| LLaLtJl oJL j]& Lla ( j^ j-ajj . L-s^Lj IjLjI La*LLslp! IjlaL>* JjL>- La^I 

. LjUl5S> 


I ital*i! j o^LLxil oli /(x) 

(5) f(x) = . 

4^am>cJ 4+^-jA Ox«>b3 3l«Xp^/ oiL^a (S|)j>Q iJ^ JT 4 iLlftil aL^J Lj>-^a I jL>" 5 

„ A 

• 5 4>* \*yr 5 i • Z) 5 * ^ 5 : ^>* Ji 4 OjSL 

i-0 

. aLLcoJJ j! ^ 

( 6 ) f 0 (x) = /(x + s 0 ) - /(s 0 ) = AT- /(so) = N 0 

• W^ 9 (j- 4 5 o (5) jjL>- 

: iLUil 4 i > 0 <L~>- 4 i JS Jl L— JL 4 ^1 jii^VL JSwJ 

(7) fi(x) = f(x + s 0 + ... + - /(s 0 4- .... + 

= [N — f(s Q 4- .... 4- s*-i)] “ [(f ( s 0 4- .... 4- s*)- 


/(s 0 + ....4-Si-!)] = ATi 


Kushyar Ibn Labban, Principles of Hindu Reckoning , translated by Martin Levey and (Y*l) 
Marvin Petruct (Madison, Wis.: University of Wisconsin Press, 1965), 

. ( \ jjL» / jbl) (a yaUll) OjaII 0 U 9 jla>i 11 JL |a« iJLat : ^ t j-Uj jl-iu^» JLv-l 



• Cj* s o + s i + •••• + s i (5) (7) itaUil 

: <Jp J+as* j it = 1 : J ij—JL liSC*j 
/i(z) = /(* + «o + «i) - /(so + Si) 

= [N- /(so)] - [/(s 0 + «i) - /(«o)] 

= N 0 -[f(s 0 + s 1 )-f(s 0 )}=N 1 . 

at o ■ .1 1 j j )£ l gml o * • ■ \j l* jjjJJj L^-iJ a lj ^1 ^lll iZjjld I 

li*>UaJl i <Lj jil J j_vaL-l 4^a jjl 4 jjjj»A - iSj 

. ^ V ^aJL> jiaJl oJl^J S jiCaJl ^j^SsJ La j . (i — 1) <J ^l! ^ C-i^Lal** t j* 

j-JLp jliJl (j j-^Jl - X-^ 4 i-Jjj-jtll t(7i 4_>-jJiJl i y^) jJlJM I j lj. ! 

: bjjd La j . }Li |1 ol 4 ^*>LJU 

f(x) = x n 

jL^LkJI t) j^iJl 4 Ij jSj 4 LaUop! ^ n*+ji » ^JLp* ^p L 5* Ll$ 

O^ftLca JlL-l I La ^3 .jjjjJb D 3 j-*j a^LJU 

: 2 iJjil oli 

k 6 (1, 2, ..., n} it~>- (so + ... + Sj_i) n 

(8) J 

N ' = N <-' - EC) («» + •••■ + s ^r ks i 


4- ^^ jjJl L<J 4 ^L-w**j-S'^ |» ^ II 4 >A a ^ .*. iJl I-Ljft JLkj 4 taLffjJ 

‘ JU-LJ j . 

/(x) = x 2 = N; 

: <jc)L- <J> ij. 

<^p jJLLl jt . ^>«-sp 3J0J Luj-ft N L^-3 j j£~u 1 JjSfl 2JLM 

4 i j+^y* ^ (^1 4.«.« .«« 1 L si = (TilO^ i 4 5 == 5o ~f" Si H~ 52 + ••• "h S/i • JUl 

. i < h 

m 0 f 

h jLLp (j jjjJl ^3 4^L*^LjJl P'LoJLp 4^ ^ ^ o»^U 

‘ JbA>- ^ (8) . CTj 


• |»Ar4^^ tl^ *^' 4— %»^ll jJbLlj ^ jj*2**\ jjj iaJl JLi L^-Iji ^]ij| (W) 

o*r 



1 , 2 (s 0 + Si + ... + Si-i), 1 , 

Ni = Ni-i — [2(s 0 + ... 4- -I- s 2 ] • 


J 


* (7q JjJHp j 


cTq 10 2/i < AT < (<r 0 + l) 2h W 2h 


I 01.., 02, <7jfe 


2 (so + + 5 t _i).10 /l * 

^ jlaS jL {j* lS!>Uaj| t (1 < i < h) Ni Jl c— 1^- 4oljL*Jl &Jla ^ 

. A/j^ = 0 Jj>J 4 2 — h . [2(^0 + ... -h 5j_i)s{ + s 2 ] 

Lfl^P ^JLaJ L*j ^4 AT i 

^^jjlj-^-l t UJ pilJJ JbJL> ^.la « <j Cjj-i-l ^p4 ^w» T , y a l l 

4 4jLL*J| d^l>r lla./all JLsxI-^L) bJL£ jLlSsj jjclJl 4 ® c ^>-^Ua- s <a'Vl (wJjJilJU 

:Jljdl 


(5 0 + ... + S/J 4~ 


2(s 0 + •■■ + s h ) 


(so + .... -f Sh) + 


2 (so + ♦•• + Sh) + 1 


^J-P 4 j U jS ^JuLa 4 j* la-fl ft ^ ^->^3 

. jJLi-L u^ijki\ jla ikb-J ^Jsi jJ \jj j3 Ip! jj*a frlkpj 

! JL^liLs . ^pLJL* <A*Ji0 4 jJiJ^I ^1 p>w^! J^l u^J 

f(x) = X 3 = AT ; 

! jliJU- LjjJ Uiul iiAj 

JU15 s 0 ^j4 c<JU.I •!> ^ ^JixJ LjuC. : JjSlI iiLU 

. 5 t = s 2 = •■■. = s h = 1 jl 4 ij ^U^S' JjI 4.lllS SI . Sq < AT 

! ^iill JSCill < Jp z a-j ^ il olS ^J^lxii l1j^L*Uc 4 bJiif <wiSsi3 
1, 3(s 0 -fz) 2 , 3(s 0 + i), 1, 

Ni = 7Vj_j — j^3(so + (i — l)) 2 + 3(s 0 + (i — 1)) + lj 

o • i 



<j 4 iVjt = 0 *7 i J 2uJ *tiP 4 ^>*+0 £Jl*J L-*5L* N{ <1)15 iSU 

t pJL^Jl ^1 jj tAjj^?Lfco5j . i-j jlLll j*14-1 (sq -\- k) LaJlp 

* o! jla>- 


(jC Li_w? Ls^ljI pJL^Jl ^j-jl ^ la *.,. 3 . .*JL«J L_*_5L* jj-J Af ! uli)l aJU-I 

Lk-^l»ll5 SjIp! 4 jii-l ^1 ^^3 LajL*< j5-Xil */a\\ ^ ijS j]p\sZa 

: JiwJl Jp 

N h 


(s 0 + ••■• -f 5/i) 4* 


3(s 0 4- .... 4- s*) 2 


J 


(5 0 4- .... 4- s/0 4 


Nh 

3(sq + ••■• 4- s h ) 2 4* 3($o 4* .... 4- s/i) 4* 1 


. c-ojiilU 5 jJ>-')l\ oAa 

» * 

^JLp (j ^jjJl 4 jI Jj ^3 A^lkl^il 4 AAjLmJI (3 ^JaJl 4 Pj«*j£. 4 Jaj La— 3 A>«j 

< jJl ^ « -a ^3 UajI LajJ^ 4 C->L- ^LjJl *L<jLp L*^» 4 3 ^— aJJ 

jAj ^ ^ J-— jJl djLll5 l^.U.> ^5ij • ^L«3 ^JbJl 0 4 v— >L-*^-l |t-Lp ^ AJa>*^Ul 

^jj| <JL a-5j 4 ipl J L w - J l ^ ^IjiM 4 ^ ^jJl J- .^ 3 jj 4 jL-i^5 <JiJ->- 


^jLaJ jJUL-| ^1 


JL>- ^ jiM ipL^ ^ j aJLL*JI (J j-LaJl 4 a * $11 J-*J ji 

4a— ^ <jl~J-l 1 ! 4 A 1 «Xaj o Lw / 3 L^J I pLalp l 3 ^L/u n 


Heinrich Suter, «Uber das Rechenbuch des All ben Ahmed el-Nasawi,» Bibliotheca (YA) 
Mathematica, vol. 3, no. 7 (1906 - 1907), pp. 113-119, and Ali Ibn Ahmad al-Nasawi, Nasawi 
Namih, edite par Abu al-Qasim QurbanI (Teheran: [s. nj, 1973), 

. jjJLdl fjy ^ I a jy*e {j* Ifch L*J A L— jlill o Jill ^jA L^-L L»J *1 0 ^y> Jaj\ 

.l^-L Lj nij l^JL L-J \n ^ l!^i)L v LJ-I i^jUl (Y^) 

i 4^ 11 (iJ^^)^ t J-l JL^I (Y'O 

. J Aj J1 V jbijjJI 

Kamal al-Din al-Farisi, «Asas al-Qawa‘id,» edite par M. Mawaldi (These de : jJiil (V \ ) 
doctorat, Universite de Paris III, 1989), 

‘. ( ySjJ I iLjT ^ Y i jS\ •/» , )ij jUauVi ^jJd jJ^Uil S:.T -4-1 jjt ^-tll JL^5 

. (p \ • . WA/jfc\r*A. 4cjjUii s^b ^ ^k. 


0 * 0 



o^aII ^ t j-Jilxil j jaJI 4j V ju* 

dJUS ^Jp JigdJ ^ o Jas jti c ^.A^Sfl j lf£i t j^j-il £• a^LJU jJLp 

6*Xa 4 I -La Juti 4—hi^^il ^jjLlp ^Jp {£ A-^jJmJl ^_>-t ^il 

(rT \jtj-~Ji fk }. i f nvr/nvT i_ oi+-i ^ • r «3> Ji cJi j~z 'if obi^jJi 

3 JL*J (_J yJl jOM ^-1 Ijj^wLhxV ^jj j-A _ ^L3 j jJ 4jj-Oil 4 _Aj j-kJl jJ-UaJb 
(jlill Oj-SJl ^ 1 I jlA oLdljjJl ^IIp JUtfS JLa) . «^o jilL! U*-d! j I jj~oj Jlj t >«3 

3l JLpSH AaJLUjs «da_d jj 3-Lp o U «<>— j^alJl® ojL-*_> 4 3^d«JJ jd-P 

^LJ jj^ dil 1 3 j «^3 a 1 li . ju^j ^Jl!I jJOIL I^Ju<g aLa>* jl^*L v— ojij 43jjxil 

aJUJL^- JUo 4 (jl ^a-»»«» ll 1 JL> . 4 a la ‘Al 3 )JLpS/I 4-JLha j |»_spS/ I (j^jJl jlpLjlII 

: <J* J>jy* - i/*JJ Ji Jr^ 4 VO 5 ^* 

/(rr) = x 5 - Q = 0, 


. 0d~* LLS) Q = 0; 0, 0, 2, 33, 43, 36, 48, 8, 16, 52,30 : 

O^lLia ^ UuJ OJL >- jj 3‘>Ld^ jJLp ^jlill (1) jiJl JL*j La (JJ <L>- C~Aj aJjbj 

JUp Lal>I IaJL>o c\a>-V j . . j+a,a .\ I jJJS ^ju 4— K^JlL^Jl laL-J-I® ^JLp ^ <_£ >1 
JLbP JaA3 . 4 jIaL>- JLP duos' J 4 4 — -Aj ^dt^Jl JLL &j 4^— »>LSsJl k-5^L*J 

: J>*j ^li d~>- ^LjL* <jLS ^ c IJLa 

.TV = 44 240 899 506 197 d->. f(x) = x 5 - N = 0 

(jllll O Ja Jl Il4 o jJLZl^j 43 j j-*a oJlS 4 Aj jJaJl a JlA jl jjh llA 4 J ji Lj3 j! L* 

(j ill^i . aJu^- jJl CuU Vi ^1 • ^ oLv^LjJl pUJLp -Up JiSlI ^Jp j-JLp 

Cfljjj-sUL i 4JUjL^^I jj3 ^ t fi^jjJLi-l (_$S® <d,3 43 jjt>0 J-P L^JSj 4 

JaA3 J jjj UbjldJolj (3 jJa J l aJjfc 3 JLaj ^Jp JbJdlJl LsAjI -bjj . jjjjA 4 *j»jj\ jj>*j 

4-^LjJ! oN L^ ll ^3 jl oL>-jjdJl ^3 L^ui ( v— >L-**sM |JU o'y L aLI ^ 

j3 pJLl {jJ&^ja . 4J^-* C^li 

1 ^ (I <L. Ifl.P ( jj JU>«ll J->1® jJh \ T i ^ ^UJl (J-y ^j^Lp Ji - 

4_>-jjJl {jJ* 4— Aj j-A 4 jl Jj~a}\ fjJ* odspLj «— >LS J jJ Jb 4^- jd (_£-i-Jl jjO-l I 

jJL^-l ^1 nN 4-AjjJd ^J> jj ^J>\jjl\ IJLA ^(jljj-^AJl 4 -*-mi| 4 d>^*-ll 

wLo— ^-1 jJ_aL| JJL^a ^ la-.pl— 3 . O JJLP 4— I d— al L^JL-P ^..la pl_^ l ^ - &j-ij 4 (j^ . * « 1 1 


Rashed: «Materiaux pour l’histoire des nombres amiables et de l’analyse com- : jda-II (TT) 
binatoire,» pp. 209-278, et «Nombres amiables, parties aliquotes et nombres figures aux XIII*- 
XIV* siecles,» pp. 107-147. 

. J rvt . J rnv jijjVi ^ uju ‘ vivr (rr) 





£. t (a + i + c) JiLi Jp jJJLl jl U*p . TV = 4 678 757 435 232 J 

i 4**«L*S/I i^j\ ^LuM oJjtj . 6 — /?.10 j d = qj. 10 2 

(fc)® 5 "* JUi ^ N “ a * = M :V j 1 

6 5 j 6 4 j 6 3 j 6 2 j b : aIjlpSIL (U-Jy j) Jl yl\ Jp 5jL*Jl .1* j jJb- Vj ^ ^ 

g( 0 °" v 






„5-fcL* 


* r» 


Jb=l 


£( fc)( a+fc )' 


5-Jfc 


C 5 j C 4 j c'j (^jC ^IJLpVL (L| :: > jJ j) Jl Jjjl J_P ai_A 

.* Jp J-va^-J 


Jfc=l 


EO+rv 


: Jl cW 


Ak 


r 3 = ^2-^^J(a + 6) 5 "V = 0. 


4jL>o LJli i ^JLxJ r ^S!l (jjjJl jjJ-l jjki—l Jl c U^jl ISIj 

^*p *^sL| oJpU |»-Lp J^^ aiJL**»^ ^^3 (J1^«mmJI ^I^pI JjA3 . Lw . s & j 

4_bUll Ju>- Jl t\ k~**a $ jjuj . jj-^^Jl <la-w»»l^> c ^JL*J ^_s<»Vl jjJ*l ^-^waJl 

: aj* jl««J1 


x n = N 


: tjcJU- ^JUj La j . < AT : Jj& jr^ o* IJl~3 


jt LjI jj . jljJl>cJlIL jJLkil jJU-1 jjh x 0 L-aj 4 xj = N : JjSlI aJU-I 

. (L£oT villS LaJLp) J>- Jp J j«^3>Jl] SJLjS'T aJL J a c_5 Jj Jl ja ... 1 1 

: Jjl ^ujfc* >Jb <ILL| aJa ^ . L*t bJLA AT» au < AT : iJU! 5JU.I 


(1) 


a' = x Q 4- 


N 

— r n 
x Q 

Vi— 1 

El 

Jt=l 

CD 

1*0 * 

+ 1 


0 * V 



N - Xq 


. c— . jjjftlJl® p-LcJLp oL^* li ^ U-A j 

J j-*-ll Jl c_3^L»»l ^L ^lll l. £*'y£' ^iJi c^j^Lsj^/L 1 " J j-a.ll 1 IJLaj 

^ $ a i \ j-U 1 ^?- ^ ^[*^1 <--jL«L-! ^LJLp of ^jy>" (^ 5 ^ • aJ j -o—^* ai^J c j-*j 

AjJUl ^jA j-i-s^S/l (_£ ^-aJl ^J-P a-A-pljJl aJLa t^-Ja-) \y j »/2/>- t A ■ *“■ 1 * g ll ^j->- ^ j L-> 

s-LJLp jjwbJl jip jbu Ltt-j oljJ L« I Jla j ^ S jj* Aj l Ju^-JLil La SJLpLaJl 4 (n < 3) 
oIa J®4 cjL- J5 j ^ jiaJl jjjJl jwaJ j coLLLjJI 

^ ■»— a i j-P JtA_> La-^ t AjIj jJsj A— j j ■ » , >J I j ^i.>«» ^-1 1 ^ ) C l^Lu j_£_J| 

. <r °jUji 

I ^1 

i j£i Jl jJiUJl j yJl t -^-...> ^y J ~ey Ai ^jJi)/l jl ^UL. L,Ij 

L» Uti>* : i_. :$o .Y iA*Jl J* :> yj jjLp It^J o^lji J!>U- jj~£ 1\ jt- L^Jb 

(<L-^) 0 j.* aJjj^a ^j_a -L?-l jJl i.i« > Jl® ^JL«Jl k—A^vaJJ c-waJl« ^J»p a_^_^j JL5* 
p-Luj aLJ 0 Jl ?-1 jJl L_i-^aJ Jj<_>J Ul® b ji hJLP Li Jai bl Lib j-a c r -?x- ; i . LgJLi 
. Crn) «LgJLi li ol jJLp ®L-S /1 aJ jA j^suy aJjII aj jJLiJ < > a® ji ia!)U ob-S/l Jji* 

^ IjU-^J Ajj^>t,^1| j t Li! %> A_4— uaJl A_>t_^nJl OtaLft ^ C tiiJi 

Jai® l •. . La ,»-i . Lj- Aj>wsil j Ai jju* V j ^ AjjJLiJI j ( _ ji A^i^i->- Aj ^J aJ 

^3 ^^“1 ^LLp* j Halil ^jA Jb V (jl^3 . J/lil ^1^5- A^^jlJl JL- ^3 c—<L«*>JJ A aJLpli 

p'b! Jjfe JLaJ . JLJlI 1 i-A ^ jJiJl J ^LJl jjL j-*Jl J J *^>JJ j^Jl A-^* jJ-a 

J_>- J,l Lj j_Aj 1jJL^ 7 jV |» ^ . * ,*i J^L>- jy~j>s Jl fiJi-A 6 jJj-sAJ tA-laL^j ^ aL*J-*J1 

lLIJL>-V t Ijilil JliJj . iJbJ ^1 i JbM li-A ^JL L-^-a cu jlla* 

j-*-ll ^-j Vj . A-L»*.C JiLaj 0 -LpIjJ Jr^J ^ jL-1 j-^>- Cjj-~^Jl ai-A 

L^l c ^ \ VY* _ \ WT pbJl ^j 3 j-a,... 11 aUapI (^JJlj a JL^J c-3j j^i! JjS/1 

RashecUbid. (VO 

. jJaj ®IjlpVi* ap j— * jl I 1 Jub ^ J-aa) 1 jlail (Vo) 

Jb-V aujJL SC>! A> -Jl UuJ ^l.uo^ yLJ-1 ^ : >;! (Vn) 

Abu al-Hassan Ahmed Ibn Ibrahim al-UqlidisI, The Arithmetic of al-Uqlidisi, : ^ t jlJL-A— 
english translation by Ahmad S. Saidan (Dordrecht; Boston: D. Reidel, 1978). 

Rashed, «L’Extraction de la racine n ieme et 1’invention des fractions decimales, : ^JaJl (VV) 

XI e - XII c siecle,» pp. 191-243. 


o • A 



1a ^ s . ^ - ll j j)^ L ^ | ll j y^~ Ajj^J*! JjL** .jJI j y^~ ^ y^z * 

^ j^ll Jl^aII o j-Ji»Lw>a £_Aj c ^jl^JI c-jL-^I ^*1 jJLlI Jl j-o...>« 11 i— 'LiS* c j-nJl 

a! AjjJLaJl jjp.~..SCJJ < j^g J^ll J->Aa) 1 (1)1 JjLP ^JLffJ (j jjJl jAJ*-| ^ij 

jjJl>«jlJIj <L&-«JaJl ^jiJl (jjj-AiJl jLa-pf aj a>-I j J^l (^® • aa!*^ 

^Ajlfi j^~{ JUpVI aAfc ^3 A*jl jJl j y~£}\ jj C_J| ^il aJU& jlj 

^JJlj *— IaJlI jl^A-wJl a jSl ^jJl ®JL>-1 jJl Jus^S/l® lija 

jllAj) aJL>-lj A-J J 4#° J (_£ j^-Vl ^j-* J A$J-I (l^ 4 4 L^aJ jl y*J ^LlS’ ^3 a j-«*3 jl 

^JjJJ 0 J 3 6y^\ A^l Ol^ill J^j cX° J^ 10° J>o jl Jil 1.J& .(jlliUal* 
jl L^S"# ! jl ^.»—~Jl L*^S jl 4 Aj j-A_P jy~Sj O^-^x-V 3 ^lA-pl J-P j ^- sA3xJJ 4 10 

Jills' 4 4->Lji j-Jlj jJL*JI a™! J-p j! jJj [10°] 3L>-S/I aJ jj« aSAiII A^liiil <wJl jil 

AJ ^aj A ^ j J l J1L» Jp [ Jl yJ yL*M ^jj#] *lj^-Vl 4-Jljj» [10°] J (_£ j>-Sfl j-® (*“* J-^ 

Allialj ^JLUl a~J Jp boUl JpUs ^1 c Uw*JI ®JbJl aJI ^ ^ AkJjJIS [10°] aU-^II 

. KaL^. j-Aj *l^Vl k^jt ^a AjLji jSj 

oljL^Jl 10 n J->*J aJLSjj V jJL>- LiJa , * u ajL>-j j-J jl j^*-**Jl ^>Lijj 

: ^Sljll ^ JX> Sj v^' 

10 13 10 12 ...10 9 ...10 6 ...10 3 ...10 10°10- 1 ...10- 3 ...10- 6 ...10“ 9 ...10“ 12 10^ 13 
4 3 2 1 0 1 2 3 4 

^jJJj L«1 4 ^j^-l j-^* jl j -o-~jl Jl-sAAJ 4jj— ^J l AjLl^Jj 

:^y>dl 1»1 j 4 Aali>xil ^L5jl 

10° 10" 1 10“ 2 10“ 3 10~ 4 10" 5 10" 6 

3 1 6 2 2 7 7 

3 

1 6 2 2 7 7 

1 0 0 0 0 0 0 

A*j (^\ £V1 /V ^Lp (j jlil) ^j-JL^Jl 4 jl ^.».»«JL1 A^jJ ^ AjJLalJl 

^AJ J ‘ aJIp AjL^- j Aj^JaJ Ofrlis IS U^^P j*Ai J 4 Aj jJLuJI j j-^sjl Aj^laJ aJLj!> a jli 
^lApVl jj£$ ]g2t jy~£l 1 JyaJCAalj 4 ^ _^J-jl J ^-Awjl jya l, la, 1,1 1 aLIiJI 

. I/O 16 Jl OJL^ j A3 Aj AAa-J ^-IlpI (jUl 7T ^AjJI l.,y3-jl LoJlj 4 JaJai Aj^^^J-I 


: uf» ' ^J>ll k-jLJ-1 ^ ^l^oJl t^^l y Lp Jj ^ Ji>Jl (V*A) 

Rashed, Entre arithmetique et algebre : Recherches sur Vhistoire des mathematiques arabes, p. 142. 

.m y> i A-j#j jjuJii (r^) 



j j-X JH j»— <1 j j ■ ■■ ^ 11 (j-» Jjl oL£ i b a L p jl>- (J-f’j niJJi j* jiSlj 

^ ^yi-J oLtlS" ^y J_aj L# J,l j j— £Jl ^yJ> J-* j. *..!**>! J 

CALLS' ( y US’ c o^LUJ jJLp Oj^Jl oL-pbj ^IIpj j-^j 4 ^ ijjjc# 

l) yJl v? - : . : , . a ^ 1^3 4 --j ^ kJl (J 1 j j-w^SDl ®JLa jl Sjujlp <Jol y*- yj . ^ 

^t*Jl y U-J J! cjj^lpA <JaJ ^ a_L> jiaJi y t L$JLp (jUWlj 4 0^L-<JU _jJLp £>LJl 

. ar) (rill J ;Vl» jj~£ p—1 f^oiY 

JUSc^VI 3 > 

(O. jjU“ y • ^ yj JJiJ j . (jUSCi^Vl <j Jr^ : f pUIp 4 jl*j yoj *^* jB 
iiLcil a-LLJI y j-saJ 1 y*j J} bL^-l 1 1 y Jl yJLLJl dJULaJl *L 1 p jl Neugebauer) 
U-j . o}LU Jy jliJl 0 jiJ! y 4 ^LkiLl o^USUA! Hi J*> c ^j^j ajLLp J j 
pLaJLJl <1)1 y>u l^J • <Jjl*A>- J^l <lr* JU^1*A/1 IJ-A ^1 Usd! y j«A.Ua> 

l a 1 L 1 4JL3I 4 (JLo-^l^^I \l r |%JLp I^IS* ol— pLjJ!^ lLLLsJI ^y i— > j-^Jl 
x_i < x < xq ol y jzJl jJ . ^SJJlS\ kJ-ijJb : ^ydi <1)1 y-*Jl ® ^Ja-pl 
ULlS' lLUS JLl_P ySLo—J ^2 = —2, —1, ...,n 4^y 4 d= x Q — x_i — x x ~ X z _i j 

: J, LiT Jail JUSU-V1 

(1) 2/ = 2/-i + (- X d X ~‘ ) Ay-i 

.(l) Lr 4 <Jj^l (JjLaJl A <1 )j^jj 

j t ^ Y \ j V ^ k c^U^-l i i U-JL L j ^ T Y L y» i 4~Ju j JL^ail 1 ( i * ) 

Paul Luckey, Die Rechenkunsh bei Gamsid b. Masud al-Kasi (Wiesbaden: Steiner, 1951), p. 103. 

.ifcL u j^r\ k^^\Aju^j^a\) 

Uj.>j i5jjJL*Jl jj— SUl 4 jL 1^/1 ^j^an > <li>-^La Lu j-il V t c5^5?ll ^iL^j (iY) 

J 1 ^J A (j\Iij jJl jiiil C 4 j^LiJ1 j 1 j— S 3l j 4JLI— Jl j jdMk^ll 1 — ^J-sAOj 

4wiJ J^JJ ^Jla JJP JJUlll IJU Jb«jj ^ ^ J— ^)1 ^j4"l ( IT*) 

L‘..U‘Ja— all 3 jJjil) y^l jJ-- oLs^L^Jl OlSj .(Cardan) jbjlS j < (Apian) jL>( j 1 (Rudolff) 
l)IS* I 1 jJij tiJojjjJl jJa>JLlj (JJjCj Uij . ‘»-^j3jj LplS SjLlNl (^\ loo ^l*Jl ^y 

I jJUoI -LiJ j . k— >1— ^“1 ^y > jJLA/ Lt-J jj— ^J l jJp U— uij t*-> j-sa)I oLLp <1 )jy£ -ill jA/ 1 

jl ^3 jJLi oL-^LjJl ^Lp cLUp! ^JLil JJii! iJyj V j . «Lu^jt Jp Lla 1 L.jllp ^jj— 5” 
Herbert Hunger and Kurt Vogel, eds., Ein Byzantinisches : ^Jo-il . a^jJLiJI jj— SU l ^yt Lp 3 j-^xiil 
Rechenbuch des 15. Jahrhunderts (Wien: Kommissionsverlag der Osterreichischen Akademie des 
Wissenschaften, 1963), p. 32 (probleme 36). 

— Otto Neugebauer, The Exact Sciences in Antiquity, 2 nd ed. (New York: Dover : (11) 

0\ • 



<Jj\ JlJ^I <3 j-^ 9 ^-LJl o J jl Jl q ~a %\ jujI c dJLLaJl f L^JL p £*.>*-> j 

. U ^L:) i ^1 jl5 Ao^mkLiII t Ay j c L^JL^-jcLujI j 4^JLLtll^ ^^JLsJl 

^ ^ li> JiS/l J* oUilj 11U c yil 4 j^iUJl djill ^ii 

'. J *!i\£ji ajLp JjSlt ( _jlapi JUilj . • jjlil* j ^1# j 


( 2 ) 


^ ^ + (^r 11 ) f^ Ay -' + Ayo) + \ (^r zi ) AVi 


^_>j ^ (Parabolique) *<jLC» jj* Lla ^ j.^,211 ^ t*«-M u-*j 

. (x_], j/_i) ikiJlj (2) j aJL>JJ 

jl* .ly ^JJl JLSllAM ^ ^ kl£, S/L£i-I L-J J»*t oii /“’ojULl \J 

. (Jj 4-w*^* Jbu 

lli^pL^ljj ^dj J* <-)^5 5-Uj^JL) (3 j^ 9 

. JJLU IAa ^ Jj^Jl d>Uoi Jl Ail^l t (Khandakhadyaka) Jl i (Brahmagupta) 

t Loj^-Ls^ljj >ll5«o <5 (1)15 (jj^Jl d)I ^ ^j-A j-J d)l lltt l a Z^l JjiJj 

: JUI JS^Jl Jp ^ JL&-VI ^ 


(3) 


y = 2/0 + 



■A fcl _ HA M + l( £ - SL ) aV , 


4 «; . * I I JJ J j-ijj X < Xq ul 4 <jj j— -U Lf aj >-■ — >WJ 4 Xjj_ r kJI 0 j-A <_y> jJLijj 


: iJU 


Ay_i + Aj/o . l/io- z\ 2 
2 + 2 V d / A ^ _1 _ ’ 

<— LjaI JhLj t </8 J|l ^JL5 j 

t jp-T jl c (sankalt) l^-wl L^JU- t a^jJLaII 


/x 0 -z\ 

y=yo+ ir^-) 


Publications, 1957), p. 28; traduction fran^aise par P. SouiTrin, Les Sciences exactes dans 
Vantiquite (Arles: Actes Sud, 1990). 

Javad Hamadanizadeh, interpolation Schemes in Dustur aUMunajjimln y » : j la Jl (to) 

Centaurus, vol. 22, no. 1 (1978), pp. 43-52. 

Roshdi Rashed, «As-Samaw’al, al-Birun! et Brahmagupta: Les Methodes : j la Jl ( i 1 ) 

d'intcrpo\a.tion i » Arabic Sciences and Philosophy , vol. 1 (1991), pp. 101-160. 



:j£dl Jp I tiuJ-l 


... (x 0 — x)(x 0 — i + 1) 

<4) v ~» Kd TT) a '- ! 


y 4 <U~iJ (Jj j^-Jl . X{_\ Jl X{ y olJuljjJi <Ajj iaJl aJlA 

. JLJl Jp i AA|^Ja C^j/uJil jyUl JLll Aa1^4 

(5) » = »-. + (^p) [A»- a + (^i) A^_ 2 ] ; 


: Ajio A 2 ^_ 2 J At/_2 ^1—P- jr* *L*-waJl fi j_A J^JaJ j! j£ Jl) 

. > d dj$L jl (j\ X-2 = (x-i - d) 6]0, ^ [ 

! y*j S Ju J l>- aJL-*a j >1 4 jL^ y J jJaJl ^JLkj £jJa *LaJ 

IjLj aJj-U-I aJIjlU JsAd'yi jUx?-l ^y 3 >*■!! a A> < yj jjLi> 

^ t Jl? aJIj JU- < y ( 3 jla-ll ^waIi^ 4 <JIj-~J! 1 -La ^j-Lj (jjj>l 

4 >H <L>-ly 2 j 4 (j_>-t>\Jl jyJl y 4 Jl (JJl+oZ JJtlj . c-^Uail ^y»- jJ AjLysO 

pL-Lp y U-OJ <>1 4 UJj?r^ U-Ay cr-^ <3>Jl LU>L>- J-*-0 . A^il aJ-$J 

^yJlj t (Ponderation) JJLd! Jj~L*jJ1 i j£Li y jt^-^Jl jJLLJl . ijJLfJl oL^LjJl 

oJlA jl y .A y { j A^i_! J A_J| A^Sf I jLlP^I yjo LUJ L Aiiill oVjml! JUjCL^I 

> 

JjL-uo c_JL>- JJ oLjl jJl *UAp iis ^JUI y (j jJaJU jjUil J y- oV jL-jJl 

*LAp y^j ^1 4 di-*i Ay y-U >JJ jLAI yJl Jjl >11 ®ap aJL^4-5^ c ^ ^>1 

ajI>-VI IjJjL>> ^yl 4 >LJkl oJla ^jJoJ A-u«j-fjall >LmkjJI jl*_» ljla : i:.*<l jJ oL-^LjJl 

• ^ cij> >* 

l-A ^JL*-l 2 Lftjl^j ^ ^ >aJl fiJLft J^_>- ^ ^ *1 ^ *1 A-njLwft^j f-L^-Lp ^1 

>)) sU-Jl! - 1 g - ^ SJl^I jj ^jUJ! jJl (Jl^S^ jLwJLoxI JJL& . *2*LLiJl j-^ ^1 j-° 

A>*^. d . l l ! aJUI AAjjiaJl ^^jliJl Llaj . oljL^vSCj^ I <JjJ->- p-LiJ V - ®cj^ii“l 

i j (deviation) ci! yJ^I ajjIj y^ d ) /(z) = d/z aIIjJI ^yj vl*^ Ji [0°,90°] 

aj^jJl>- aJIjuj t[40°,90°] 1>*~J»}\ Jp (affine) >JI aJIju ((incidence) JU>-Jl Ajjlj 
. ^JIa5sX*xN I JuJLxj Jojjjj . [0°,40°] A>s-m«jiI| ^P Ajlill A^-jjJl ^y 

AjIju y ^mxjLaII yJill cJL*-^ yJl < yy® SL«-m* 1 .I ciSj^laJl aAa 

Lay LoL*i~**l^ 4 >L*Jl j yJl y« oU-^Lj ^Ip 4 jjli-l ^1 ^ jju 4 >Lp ^>1 j >Jl 
. (jlSUM gjj AiJy y ^>1^11 4 >p j yll y JOu 


flit 


. 4. e\ jJLvail (fV) 



* -+Ljj {jA j* ugb 4 Ju^aJI 1-La { J^ O oA flP ^zJl (jLfcpVl ol ^JLi» |jf Cj^y^ 

. JCP { jJi*j c_ii jlJ 

£4 4 jJUA aJC-jIj jLji f jA jlkoj . <~»S\ jJ^L) <J jJaJl Jfil ^JflL>- L. Jb^J 
4-4 j_L*-4 X p i\ 0 4 A_! Jl { jJ> j-1Ajj ^J_J p ol j-li JLio L-J JL^Lj . Aq J j-laJl «L_>- 

. 1, 2...,p — 1 £->jl j-lJl ^ Ap_i . . . t A 2 4 Ai J j-laJl J* jJa3- uL*> J-P 

A_i ~ Aq A_i , A n — A n +i + A n , 

^ a j [0,p] Sj-jL-i-Jl ( J— p A J 4*-A, +1 ol la *m j-iil jL>,: pVI j JL->-L_lJ « 

A 2 j Ai 7710 (A) J q-+m ^ill JbtjjJl UJl^I lili . 7710 (A) = - — 

v— ilxP 7710 (A) • Ajt = Ao + huiQ^/X) '. ^yla^- IbJJ l ^p-i 4 . . . j 

jA 1 6 bjp ^JL4 L* j . ijlill 4J^ll £jA S/Uic^-1 t 4 4^1 j^3 S A_1 JP I 

! £-*aj . Jjbdl ^^>waj 



. e = 


772-0 (A) — A_! 


? = ' 


P+1 


I jt 4 bti (2) Zj ^ j .4 (Jjliil U j-~&\ 
A* = A n+1 - A n = e, 


A m = A_j + (m+ l)e 


2A„-A,-J„ = « : A-,+^S±ile 


fc-1 

E 

m=0 


. A« Jb*j k ~ V JU- J 4j! ,2a 




J jJaJl ja j-laJ*- oJLS* Jl^- ^yi j . SJbl^J-4 J jJe? ia j-U_>- £4 oLjJaJl oJLa Jjj| jjJ 

. 4j>- jl> j j£j oU>»->walll j 4 Jjj jaJJ ^Sllall 4*-Ji)l jLipML c 4wjSLj 


LflS' J . 4^»j ^Jall jJI JjLAI j 4 4i J jaII jJ| (J jlaJl C-JlS lLUj 

Jl LsAjI LJ[j 4 cr 4 -)^^ Ib+J JJl>«JI ^ J^ail IJLa 4-^t (Jl JaJi 4 -rr SJ 

. Jjl jiJl Ja>- ^ oL^L^Jl *-LJp wla .7 ^ydl 43LAI 


L« j! - ^JL>ftll J^P jJ-bwJl ^j-p 4 -Oj-aJL) (JjIj 4£t>"jS/l ^J-P jJU’tyj JLiJ 

»b*-j (^1 4 ^wtfLJI Oj^JI jlII ^J-J->«jJIj ^ ^Jl 4 * ^ ...» 



J* aJLL pJli J jjl yd Jd>«d! ^ (^ • o) Jr^J 

JjLJl *yL| yj 4 <uli^ y jJ>~S/l *jJL| y (3 ^ jy-SlI lijt jl y jJl 

o^IaIL oI*ia! J Ju <l)t Nl ca^jl>JlI jj* JjLJl! yaju dl 4 <u....2ll j yJl 

dJl ^JJ! Jj.15* yt V L5* y JJLdl IJU Jbu UJ IfJb-t yJl dl£LL . l^UU iU.k^jdl 
J^LS 1 ^5^ I^y-Ij t UL^-V iS L*«£ ^J^LT ddy ^ jjL— ^ j 4^AA* ^Ldl y 
j ySli aJLa t L^LM ^LJLla-^aj* ^Sdj 4 JJbM IJLa y IjJUp y y-T oL-^Lj *LJuJ 

^LjlaVI ^y <yjjlyd ^y 4 Jy- jJl ^ 4djS/l ^~J J^alS* idJ-lJLJ Vb^- V 
4 JjaIjS" yl t ^y-® y d^-LuVl cil LxiJu j *a\W jlJii* jt .a jut o'y.abd.L JadLJl 

dr* J-s<ai <JI Jd>*i)l \1a J y£ 4-jL 5" d^J /d dr* J d^JJ -aJbdil jJ* JJ_>*iJ! Mjl a^LJ 

jl J-Aj ! L^jji JLfP JLL« v^JL>«_^ <j cJI yipVl La uL>j d| dJJ2 JLiu 3 »j-icJ 4 j-Jd 

V jLJl xj> <>l J JSLi, t j£i: Jtf <tA) c? ^JI ajl>J.I ^ J-UJI 

• ilJL^Vl Aj Jii 


“^jkll JuUJI 


yJl JjUlI y \ j*z£ jVl yJ Ljy : c-j^ dl <d*y La-pij J^IS’ yl £jjJLa jlS* 

^ybJL 2 ^JLS' oU Ij-sA; jl 1*. yp-l c^Lwd-t > L^^muj a3jJL^> j-*p ^yt 

l^JLp (JjJLjo <^jli dp % ^ ^4— »!yVlj c-#L*d-l yj La L^a . V^A-Lj ^^a 

c 4 at tflll 2 jJt£ d^.j aJL>- j £t~>w* J-sptj 4 I>» y^lu^l La 1 ^ 14 j 


(<>>),- 


. aIjlp! oViLil J jJL>- 4i-->- (tA) 

. oiaj aI Jup! o’ViUil J jJL>- 4 !^- (2^) 

jjlyLl ^>- tjJUS jJp jl^Lj L^ 4 j -* » li 4^132 y oJl«jl 4 jLc*j SjLp c^L *i»«i ( ^ * ) 

jl ...» ; y*ll I -L» y jjl ^-1 . <*-jj-^» J uJjI yi yj jl y 1 y ^-xJ t y» 4 

y eJ-s^j yJl ii— Jl 4—>l jjS/I *J^>-1 dl J-L*- jl Jb V tiLLSilj yLl 4 -jL-j>- y <j L JJ> 
yde^sAx yp ybj 1 djLflllj ^d-l y 4 »jL^ *y*jj!j^L! Cfi dil JLp jjI ‘ .*Ua 

. Y V 4 ( ^ ^ 4 ^ jidl aJLS” 4 <0 j^ail <x*UL-l ^ a y U3l) JL**1 y^y JU Pj o yb* 

y» <!jU1I 4jUopI JLaj 4 IjXfl . La^l yxJ ojLdl oJlA j! US’ . l£y» yx* Lla ^ J^adli 

y yt j jUl>-S/I jl <jL»* 41 2 + 10 a; = 39 Jlill l# L«j cbJLp Jjbu jjJbj-j J! yl* * 

j\ ly j ajujI j ju^Dl j <Lw .iJl d^ L*Jbyi yjJLpj U. p* j jiCn l^lU y U-A* <0LjLI o JLa 

Jlllj Jby (_$JJ| Jill jJU- yj yUj U/' jJkj jlJbrVl 4JLx yJAwj oUJ jA J UjJU- 

. * Ajc^J 


-U" y j . 8j-s<a3» yj jm^xJI 4ILU y U^jI Jbwddlj 4 ^jLiJl ydl yj 4dJlj yc* illiA I ylj 

. J-*l^ (j^l yr y La> 1 oVUxi»j*yi aJU 
. J v<< t iJLUU ^ ^jli ^ 4J4IS yl (<n) 



* Lj a a ^ j .7^ U I 1 j-y^ Uit I ^jl 

Cr* ^i'jj L-$i JjJ ,>* <■«-« <; i (j-L-iJlj j-r4-L< 

0~»u *j?rj c~~j _^fi t 4j3la.,llj ^jc^LJl ^^aJl IJL* ul . ^ ^i<a^ j 

-^j • i/*jj'^-'j J- 15 ” <jjt ( J-^liJl j jJail l ja>^ai J^>- JJL>dl 

oVjUI <> <JVjJJ «DL-ii Ul5 tv^Jl iJLft ^jJl toL^L^Jl *UJLp 

Ui' . Aj^JU oV^Ull APj^jf ^ tJaiUl Jiji> <jP 4 cJL^aj JlllL ^l 4 4~Jal3^>Jlll 

pU&P'Lj I jjtiS'l «i3 f’LoJLp jl cj^is' Ijl^J I^LwmxI 4 Ll»1^ 

fiJLfc oljj-AJ V 4 l$Li- oL»jjl^ilj aJLa ^1 { J^JU yAi 

L-*^ V *i*)}yA oL-^LjJl *L*-Lp 4 ( j^Jj . L^LjI Vj oLw*jjl jit-! 

icj ^J! dUS ^ I ijJaJtJ jlS SJlp oLliS" jl jla3 JIj^mJI I Jla < jjp 4 jI>-VI oVl 

* . . j— Jl (jjlj 4 aau>- lJj 4 <Jp c/i J^* 

plkp'l Jlj 4 ji^ ^y>'j* Xs* v-43^i)l *Ap JJ (Jj^\ ajL£ ^ tiSl 4j^l5 ^1 ^aj 
* ~ * , 

. JJ-I oL jj1j->- J JjL-il J-P 6 j!>Lp 4 (3 j-la-il j 4 -laJ <• U : b: > ^iSl ^ ^P 

( j-» <UL**« r A 4 [£ ^0 ^Sn *>jli ^3 j^ir ^ju 4Ailiii 

3^*j ^JjLmwS ^Ja 4 a^Jls^- A Ja>- ^4 4, a la >1 4 A^jlill 

^S/ cJjl^JI flJiA j . ^ ^^5^k>-V! dJUb {j* a+a\jzj 4 oLJl ji* 

L^Lp J5LJ ^1 ila^ljj JJ-I tfj>\ <+>- JAJ 4S^J^ jJ- J5L^. J>. J-4l^ 

cJ^L/aJ 4^J-4l5^ (g j-*^\ v-jjJjil 4 LjI jSjjJj , j jxl 1 iiUS ^3 c^L>^. 4 -l ^L«JLp 

j^P JljL-^j S^JL^ j L AJjAj - ^^j-4-Lp Jl>- ^P . J^jllll ^ (JjS/l a j^JLlj 

1 JUfc la.43 ^ju V ^L«JLll 4 ^m*JoJL3^j JlI I Jl5Lm*1I oJLa ^,/a >t a i (jl j^-P . a^JLs^ 

iwMjy 4 — * *»>- |t-* AJL^J 4 LjI jJLp ^1 JjLJlI AkXA ji 1 kp^j^l (Jjb Ujt $ yd! 

A^aj Jl JjL-ll Jli . (jft iplw 9 4>® ° 

La Jl^IJ . Ailadl ^ll J jJLA-1 jujl>»iJ LilS^j LjM LU j£> Ju*l5^ jjt l^J jjapt 4 aJL^-1j 

: Jilill ^ 4^-jSi aJIa JjVl AlLil jU .iaii ^jJia 

x 2 + 5 = y 1 

4A ; l la. :U JjJJ-1 ^a A^aLIaV Ak»^ ^ »,k ^ > (>* t>- J-*^ >!^ 

I ji . OlJJL 

w 2 < 5 4i^>- y = x + u 

.u = 2j u = 1 Jl^Jl Jp Jl^I j 


. 'L^ij jJUoil ( 0 Y ) 

. £ ( i *. J v^ ►jjui ii» J14 (or) 

.■ k - J v i ( iij^li ik-i jjuJ. 1 (oi) 

a \o 



iJLil y,j l^-p iiiJl JA Jlill Jill Ui 


Sx — x 2 + 109 = y 1 

! iaLJl 4i— ^Jl ^ JualS* D~>- 

(1) ax — x 2 + b = y 2 

AliU jl,L>*S/l v a^gj i—> ill— «ll aJLa 4— JL L« ^jjl— ll ^ja ciLlp 2jj ISU# 1 c— JlSij 

C)li 4j~L>- l A ^ '*.» JL>-lj 41-4 ^Lj La ~JL>\ (jli 4 p-AijjJl ^J_P Oj J 

Jb <1* ^JL L« p »«2«> ji L>jj . L }*J a ‘£ V La oLl j-^Jl ^j- 4 LjJ ^j^Zj i>* j-li-4 iiLll 
<l^»L>- <-^1 lj-$Jj . ^ ^ *Lw* ill— i! <1)^3 t jJl>- D jl>-1j J^J 

4J3DDJ 4*>- ^ll 4jaJalil (J ijJJ-l JbJL>D l— J l 4 jS/ JaU^jjJl Jul>*ljl ^xjjL 

: J5wll ibLil oi^i . iiLJI 

*+G— )-“©’ = 

: J* J-^ <-x = — — - 




^ Y ill— ii cii * fcy*^ y^y 4 |» — ill— 11 I-i^a_$ 

: j! La ^y> jjcl* . J^IS’ jj! LfU- j ^1 4 L^p Dill ^ 




: ^j! £-*s> j . balal* Vj U <t~>- 

y = u + t 

t = 2 (kr — v) ; 

J j. s^jLl ^ ( jJLJ Ij^La 4 x i*-i (*i <j y ,>• <J^ -y-y ( 2 ) y 

d J -Jcdlj 4,2 lflL*«-<a illJLi’ ol j— bill <_£JL>-I bjDS” {jj* l)L>- ^3 4 <J j_LLl *-w^* ^J-P 

> p ~ p p 

JlsA>J DU iSlfl-La JajDj {jA JL>- ^ 4j1 J>~\ JI ♦ (S ^"^1 

JLL^ V SjLp J1 il L^U JD- ^5 (j 1 J-sA>J V tJjUiL 4 Lj-j 

J-* ^rj^l Lr 4 Lr^ ltJ u) cM 4>^ jr^J * ^J^r 


^ ‘ J AV <ij j}\ 1 4^ii jJU^il ( 0 0 ) 
. J AV 4ijjJl l 4— il jJUtfil (^*l) 



-ki- (birationnellement) Alii £a t^l jt aJLLl* HaJL 0 £jjJl 

l^JajLwn j - Y* A ^1 T *\ . <]L w* 5 jJLp ^ A-jliil alLJI 

. ( 1 ) £jjJl ^ JL^- Lfl] (^Jb-alS* jjl aJl£5^ LsAjI S jil oJlA j) ^1 ( ^Sla* * 

: JSwJl Jp <<,v) n iit—ll c-jSi Jldl J_- J*i 

x 2 + a; = y 2 
x 2 + l = z 2 

„ * * » *. 

twoJllit ( j-a ( 1 ) <_4-LvaJl ^ J-*J (g auc he) * j-^pU LyWjJ Ll^fcla 

.^(^iVi) 

jl jk ^ A«lay- olxi A.»la»t Jjja l 6 ^*X>kII ^*P JuUl! AiJliJl aIaJ! lit 

;^> <0A) r ^ J il| 

a; + ay + az + at = u, 
bx + y H- 62 4 - bt = it, 

GrH-cy + 2 : + c£ = u, 

<fcc + dy 4 - dz + t = u. 

Jl tsSi 4 JplS yt (.1^.1 Jl ^1 (iUI 4PJUJII ^p JjUJL (*L^VI IJU 01 

I ol? ^jjl J 2 « ll . ( -J I ... 4 - 1 |Jp jji ^j..la*.4^j^ t A_f* jj ' j3-\ ctj J l>- 

^j-a i^aI^ ^Ijl*j ^ ^j>- jh li jJ jo Ha*A.a d)l£ t Ajj-^»i! <u-hpU 1 ^ ^j^-l ajIi£ 

j\ iJL>*il jjfr JJbJl jjJaj A^JL- (1)} l*-**l>- cL>JbM IJLa d)lSj . ( j^JaA3jj jJ ^L^atM e_iJjil 
> fljtlj <Lj jaJI A^aa^JI (jl ^ ^LIajI JLaJ . I ^jL- 4*^-1 oLlaJ A«jJL. 

( <Lv<?L>- V-aI^ AjujI t llL /9J ^JUI ^Ajj^y I !l ^ U<ajl t t — Jl5" Aj!>Ij {jA 

v— AI ^j ^jlll ^ajIjcJL) j C.*X-s^ JJ ( A-Jaj J&y i AjcUI SijAAa ^1 


. T OjjJl (4—aj jJU<ail (0V) 

’ 0 iij jJl c A.«jai jJUall (d A) 

Diophante, Les Arithmetiques, texte etabli et traduit par Roshdi Rashed, col- :^_Ja_Jl (o^) 
lection des universites de France (Paris: Les Belles lettres, 1984), vol. 3, et Roshdi Rashed, «Les 
Travaux perdus de Diophante, I et II, » Revue d‘histoire des sciences, vol. 27, no. 1 (1974), pp. 97- 
122 et vol. 28, no. 2 (1975), pp. 3-30. 

JJiP s li jJ ^ tk_J j t jJLl apLsp ^ kijjo : ^ Princeps L*JoJ oJLiil ^iail j 

L-j \r ^ c(\^Vo oLJl L^il i^Jl :SyiUJl) \ t JLilj ^JLij 

. LaJLoll ^ LfJL 


OW 



i— iJji ^^Japl aJ| Jj c 1 Ljy- !>L>jIj «JJJll IJla *LLlpL y>- jlil 

L-J-l <JJJJ I -La y* <LjjaJ| a *.*..^Jl c—^y -LS j . j*JL| apI;.,^ jl yjJl jj^*JlU 

V L$l4 Aj^j 4 ol>j jjJl a -L a ( j-a 4jujI ^ _y y Ap! !l yL>- p-L*J ( j->«-ij . L$J lLjL»- j jJj 

aj^L> ^jJLj L >r,.ti pli li jJ y l„L .*..9 jl J j-*j oLa-Ja H l_jU j . <o jJLao Jly 

oL« jJyLl Lwjj LLajiJl ALAjj ^Ijl yl>J^Jl *li^Jl Ll jlj c 4»jLmJ»I ^ y° <«— *lS" 
jr* L*jjS/ 1j — a AillS* y t (nY) ( y»-^Jl LJ kplj l$-*J?l y]| 

j-a y^-j^Jl ^jJi j| . ^AcS ^jJL > aaJl>- fli LULUS' j a^Lm-aL’I p jJLp 

o*-L--^ i ^_ll L-^L^^^-h^Jl c.^.*i***J t »a. a « a > 1 a S ' 4 ^.jl aaj^jS/ I 6-La LUp*^^ < 5 11 ! 

jt-ytllyo L- H - LP ^y j-J-l ?L«1 p ^JLp t lL>L>-^ j -JL. l l fiJLA yp S^^Lp c ^ j ^J . ( j..>,la-‘-5jj jJ 

. y>- jSCJl £4 A^UaJ j JcLwi ^JJl ^JbJl j-P JJl>*lll 

. jU! L$JL4 ULa>j 4 oLaJJ-4 aj*>*u y JJl£ a«J 3 y>- j^Jl £jJIp JiiLii 

yUUl y tjAzLijj* Jp J-Laj jt JJ 4 ^JbJl jJ JJbxJl Jl ajU y ^jJ 

JjVl aJL*a> tw-jUJl iJlA AajJLa y jSJjj 4 £^JLJl AjU y £yjjll IJLa J| ^ysjj • 

4 y&J . li^AA4 (Jlj 1-4 Al^J 4^jJjJ-Vl ^ji*LA ^4 (jJliJl AjU 4 J l jJ j . ^j^JlJl ^y 

Jj p-W ^ a « - J j (^-X.>«il j--p JJ^vill ^y (^1) ^1 ^y l_^U ^y^Jl ^ 

. ^^jJ^il IJla jy UJ^ j Lilj LU 6^ljl a>Ij 4 t j~-jU]| 

^y a-LJ^ jS'iij jl Lip 4^-b>Jl jJ JJ->Jl ^y y>-j5C]l plf-xl 

J - majJ ^jl>J.I ^jP ^U l 3 . JjLJI J-ya d ll ^y aJp Ij^jLx ^jlJI 

jl y*- j^Jl JlSj . ^ a^LmJ-I y J eJjl JL^-Is^ LJjIj ^ j ^ dy 

J^ ^y alp yJ V j yl U jJLSl jlJL4 aJLp 4«»l jJLl-^U 4 Lf -JaJ H JJl JJ^lII 

IJLa ^~\ jJ*tJLuj\ aajjJa j y jJl>- LgJ ydl a— xlj.5 J-*j 4 1-L^-aj . 4—>Ij 

y>- jXll ^UipLj . 0 j-flJLa 'VI Lfl A-oujjJ V yil AjjJ-l C->IjLaJ| Jl J^ILi 4 jJlA-l 

JJU^lII JXJ yJl l-Lj-j . jkil L5 -Jaii^jJI JJl^Jl! ^L-Sfl Jj^JI IJla jl 
Ay-1 jJl JUj y& 4 J jJaJl ^ j-^S/ L j\ 4 AAjj-kJLi . j^L| J j^oj y» ^L/U ^j-Jaliy-XJl 


Diophante, Ibid., pp. 10-11. (1 * ) 

. (V \ ) pij JL.I 4 JI LajI jlill 
. <Jj jJUaII (1 ^ ) 

Franz Woepcke, Extrait du FakhrJ: Traite d’algebre (Paris: [s. n.], 1853). : JJI (3X) 

oLla>-'^U.I y y j^jl 1 ^ „■—■.?.? 1 yJl j (Diophante) jJoiijjjJ ^1 Jl Jj 1—4 y y LmajI Jail 

. l-jLSUI t J l^- j JL«^ yll j uU-l p JU Les Arithmetiques cJJjl 

. ^yJL j-Jj L^Jb S^IJj t (Woepcke) <uSLj aJUa* ^y-^aj <-~£ .Vt j/> 4 a— J i jJLuail (IT) 
fcijjjl J^Le- j-L»j t l->LJ -1 y £JLJ 1 l- illS* 4 y-y 3 l j-J-l jJ JU-P j^j jjl :Jaj 1 (3 0 

* A i ( ^ 33 i 4 oLAJl Aw* J-l i c^j jj) 3 ^ A-^Ljll oL<l jjdl 4 aJLJJI a* 4 J-l 



<Jyi4-l Jp <J j-sA^- 1 L^Ij ji LJ ^ Jl>- ( -j T > <j|jL-~« Jj aJL^JJ o^Ip^I 

{ j^walj j-fcj 4 ^ ^ p-I ! L ^ 3 ^" p-^l ^ ^ia H jjjJl JJU*lU ^%^>\ { y> r j£M yt 

*X>- Jij 4 JjJ* j**Jr j' ^Jj-b Jp J 4jo*i Jp Jj <iS/ 4 Sjj5Ui1 Uajl 

4-Lj^ O-LIp *y o\ 4— A jJLoVl® I Jj ^j>%a JI c->bS^ ^i IJLa ^^Jl 

Vj-HT *jb-P jl S j-y~£ c$0 y~* 4_j!>Lj ( j_-i* jl j\_~JL_>- jl ( y J t 

JJiil j j^Jj bili H aJLp (J Jb L# 4 jOj-« ^P 4-L*J-l tiJJLj jj^jj ((p_>- >D 

^jlJI ^3 <i*p Ju jl>c_iJ| j_^Jl • ®LajJl>- <o j_*_j 01 Ju Jl oil j ou j_* 


(*iv) 


tfQLjUa^ JL^- jj^Uil £p> jJfc *1 JioVl jl Jjili)) ! 

4 A jA I— ‘UjbS' ^3 < 0 j5v<» J j^23 J 4 ^Jl ot>-j JL] Sp-I j3 J Jjj 

Jj 4 ^.*JaJL3^j3 4 >jJol ^jP igtf3 J i _i.lt ^ 4 _-j j JLxti £ 43 I JP ^ ^UaA>l Jp 

JjL- 1 4-J ^j| jJ 4 ci^b>«j 4 ^y*- ^Jl jjbu p-b • J** 4 ^ ^ J-L^l J-P 

4 SjLjJI L^O oJttj jJl 3jJbU 3 JLp J y>- £>JL)I ^y <+J > ^P ^Jai L*J|j 4 LgJ j \J>- j 

1 ^Jlltil ^tUll ^_j3 ^JU ^1L*^3 . l^l^3 

± bx 2n ~ l = y 1 , ax 2n -f 6x 2n-2 = y 1 , a:r 2 -f 6^ + c = y 2 . 

jl tlil c LLj- jJlj . ^ .lattll IJLil IJlA ojLa1>- 4 JL» j 

< ^'f l l ^ UiJy-i jL-a 4 4 4^- j" 4 J * p- ^ " 4 O** J* cJi 

. JjL-il ^ ui^ JS3 . jl^a>l jAL . Jjiij J> jLJ vO 1 J ‘i}*^ y) uljb ^1 

4 <*.$.Aj (_5>iil ^XaIL ^Ja^jjjJl tj0 jp (_$* ^3 <^5^ tjLj ^1 

Ja_2i Jl» ^ j^boJl . ^jlJI ^ aJI 3 JA..+.+MJ c l:la>-^/ c LLS <J ^ ^ 

! iJ^UlL 1>- 4 jI Jl La^JL* 4 JJ^*l)l |j-A P-^^L^kJ 


ax 


(1) 


ax 2 + bx + c = y 2 


Jl I j^A JinJ \ o-«J x j 3jjJ-l j • ^IjlpI c j b j a *L~>- 

JjLi cJ\Ls6 4jLL>JJ obill «Jla j jJ> yu j . ^p I^JLpL ^1 4 JjLAI obi oJbii 
W * ^ J!») j j^S. Jl y* A^0j\ ^ 4 4^^-s^S/l JJ J-$— 'S/I (jA V/ 

J| 4 _o^Jl ajj^Jll <J j-s^S/l® ^jlill oJIj L^JuLp ^jLoJI jj -4 obi ^il jJl 
dJL 0 -$Q dJUi JLJ 43 4 oJl J yo'Jl Jl JjLJI iai) 4 -Jj - yu l^la ilL-il J yA ^\ 4 JLJ-I 


4wi-b->tl jl jJlJI Jp ^tf->«jaJI jl OjL« 1I (_^ill *1 j-5joI® j-*-* ®jb^*-ll ai-^ c-JLi-i! (^ 0 ) 

. 3Jb*il jJr JJUdl ^^^Ua^Vl jj-jJJ SA Ji c oVU-l 
Woepcke, Extrait du Fakhri: Traite d’algebre , p. 72. (11) 

.IT ^ toii jJUail cj^^ll (IV) 

. J 0 1 iij jJl 4 ^ 0 * l Jj iJp jls^ 4 fj J > Util ( 1 A) 





®AI*aj ' >L— -^-1 jyA OjLa^AaII ^jA ^jb\ <j j* ^ J! J**^ 

JjLJJ p-lxnA (J ~p\j < JsLil olLiJl oJLa ^ jlSbl fjl 4 LI 4 ^^ ^£Jl £jj ^1 

^ Uu ,^-iSI tLr kJ^jJ fjip £jl ^Jl j viJUJlj jbJI ^ 

*■ A> ^) JjA JiS^J - (1)1^4 J» vO.Alllj ciili Li*j! US' _ (JjSfl * <>ll^Jl JSL-A 

t J-A JJ*& N L$y > ^ JSb~* ^JiiJLj . J^LS' j->) ^ 4 er^l J^bJil 

♦ a-~aI ^ j£]\ Lp- Jk» Ljj 

U*>UpI jtS\ Jj-p^ Jl o ^ jIaj J 4 j £ Jl O-^Ij b~J>- ^jull 

jLai J-AftJl jyj^i <> ^1 ti^ 1 a 4 

Laj > (l) aLLII Jl j^a£ a I jj 4 U*L* <jl->JSL g-SUJ aLLaL* jla*3 . ^mJais^jjJI JJL>*iJL> 
! a^a!*JJ JUI JjJLiJI ^jZJtjj ii { j]alA $X*£) c J QJ* & • ^j- 4 jJLslij 

J-i L»Ip 0 ,la «J 4 JI j-SjlIL j-j-^j . (y = y/c±ux liJJJiS' j) y — \Jax ± n 

ax 2n -f frc 2 " -1 -f c = t/ 2 £^Jl 4_blAil jl«j L-J . aJL/J! Jl JUL^I 

• 0) fjfi is* J! 1 

: Jl. ol^Ji t*J Jbs V ^11 oljLJl dUS ju, ^^31 gJU* 


ax 2 — c == i / 2 


a ^ JclJU Jllll JjJLill • — J* £_jl U>lj t Uy'ij* C J ® ^ 


y — ux — 



JSbJl Jl ax 2 " - cx 2 "“ 2 = 2/ 2 : JibJl A^UI iJI y^l^ bS^e aj! ^Jb Uuj La 

.JiUI 


i ^jA oV^Lil ^^Jl jlaj L-3j 

ax 2 + c = y 2 , 


Ail J <: c — 2j a = 2 Jllllj tc = 13ja = 3 <L^>- JjVl t 
j y = u obLJl ui-L-^ jjJl ^jlaj aj! . a + c = Ar 2 aLLaII j^JLlI ^ 

: t> tW J y = UX 


C 9 u — c 

~ 2 J X = 

)i* — a a 


. <*Jb jJUall ("l^) 

. \ ^ - \ t ^ <, Ojill 4 jJ~t apLp 4 (jljJL^Vl : Jiil (V * ) 




(r . u) 

Jbu ^IjJl j dJUl J jiil 

jCUl li Ua— > 4 ^* y (4j*JjJI JbLlI jt 
. (Y^& t JL^ 4^-J jLLl-I & jLJz) 

i-jyJl ^ j-j ^ j : oul ^Jl iJUil jl jL* 1j> & j 

o\ ^L*_4 cN L ai I aJL> l 0 i ./>! JLL» oN LL- £_jj! (£y~»* 

j^Ul c oc^li! 1 <-J jll ^jA t tuN^Lnii »JL> {j* 1 « la 1 j 4— — 

lulls' oLT Jiij . j- iL*JI jjJJl j^S iJLp L^/ji 

* JJL>»i11 ^jJl^^UI ( JJUoJlj JjL* 


«Yt 



<y c ^> 1 -! bj-bt yS/f l -L a J-p LoJLaj j . Lit— 11 ^ (^1 ^ JL^ V 1 -Laj 

y^l— Jl i^liSUl ^y&f: L j = ? jXJl jl LL>- j J lj® t JmJI j j& 4jLIL>JlI aXaJoJ L-— j j-lii oJuil 
(JjS/l <jb-*Juil) L*jy Cl + C C-J^Lp <Jl>- < y tNjl I Lit— ll *J ^JLAj ^JJI jJ 

‘(y^-Jl v li5j| y \r J \Y Qc^ill olwiLJ oLJlJI / V °vL^M f> ip y v^3'j 

LpIia * (yob-Jl < 1 L 1 SCJJ oJljLaJI ^ 0 o JLioiO L^U*- ljl>- lii jp <JL>- jy 1 LjLj 

Lly 1 *-^L— A-i y y^l— Jlj yjli^Jl ^j>-j£. J1 otj Lj yJ 

/ v ' f) i c l J ]| v b£)l 

Lla J r ijJ j * o-yjil SljL-ii L*— * V t ^ y4 JjL-w<» <**1jJb Ly>l y»- j^CJl ^ j-ajj 

: aJLJK JJ jaii 


x 2 -|* a = t/ 2 
x 2 - 6 = ^ , 


. A 3 (Affine . yfUl) ^illill *LaiJl y (1) V-jilxdjl y yil 


: yll yj^l f -^1 ' J-! 4 yv^ frLiii*- ^1 

1-LSLa . <3 j-bJl j t jcXlll oV^Lnil ya *■> LsAjI »». J yjJoj 

»_ij j L*-« ffp-l ^y j ■» ‘/^u i jAtJI 4 jLlS" ^y ^ >»lJ1 LiS^ <j1yk_**Jl j 


y 3 = ax + i) . 


:J^Jl 


ej jJaJl ijJL>- Jb>-1 l)LST <Jl>- j y JLS 3 * ^jL»- Ltalj*-*JLi l)1 <Jly— Jl 

- 4 J j^r (JL>- t y (_^1 i3k aj^JLp iJy-A ^ 

frLkp| Jlip <J^L«-<JL ! jl j-p ^6 = 10 j a = 6 ^y jiaj Jly— Jl d)l Iia 

JL- ^3 jXJ Y = y(mod 6) aSl cLLJi c6 J »Ua *11 Ltj 6 -La a 

y> J? ^-iJl J-ijt lyt (jy- ^y c J jL>- y* y 3 = 7x + 2 ^j^-> 'J t a — 7 

■ itaL*ib JLuj L«y * <jly— Jl jjy 


y 3 = ax 2 + bx, 

. 3k yo t ijj-tp jy y^S/l jWl y» ^1 d)^j V jJL>- <y (^1 

! (juJLJl jl>- 1 T7i 3 ^jlp (JI^a ».. ) ! 

2 


■ {>m3+ 0 2=22 j 


am 3 + ( 2 ) =z2 


. ijiiiJI J51— 1) jl j*- Lijl JjJjaJI J1 y Les Arithmetiques iS ; l».«^jS/l (V\) 

. e JL)l t^jl JiU JJ JjVl IjJi .A* a ft (VT) 



^j-A ^ >.Z < ««■«! <jt~* J1 3l. ft/..»»* Li-* | 3j ( ^jl-wil jJ^>" ^3 L«-d j (_£JLi~ V Il-A^ 

•Jj^l 

L _ r Jax»^>jJI ^J-JL^tiJI cJL^ ^3 (_y^ frLtfJL^- (JL«-pSl ouLdl Lla Ll«Jj 

aJLL* ^ja \*y*r u^A-l <11^1 Jli_a ( JJu>tJ1 IJla jl $ j5i ^ ( j^J ij-UJil 

cr ^h 4 j^^LJU jllJl o^aJl ^ J jVl cjL^JI . L^Vl J- ^ Jp 

£ 77. = 3 <>1. .>> L* aJ^Lila Lf^« ^Jl A*— JaiijjjJl oV^Lnil j4a j jiM ^1 
* f' ^ ^ U? LS~* Od-^l (a: 3 + J/ 3 = z 3 ) £A 

0 j-tfJi t ^4-lajijl 0j3 j^aj ^*^ -> *^ ^LaJLaVI 1.1a ^ (JL^pS/ 1 dJLfc 

IJla j_?-jJ-4 ojjy* II c^^^sJl £* ^ $ T. *> Mj ^a 3^>LaJJ j-JLjC- ^Ul 

. oU*Ljl ^ J 


(a>u>k^J1 JJLpSIL) ^JJLpvlII 

jLIjJI ^3 4— *L*aI Ja-i$ ®aj3JL«JI ( JjL«IU < j-.la.i *— >L l£ ^i 

^JJl>*jJI jjJaj ^3 1 -,*a J O^j^L^p Lf. : iJ ^J— ✓a a S' ^ Jfljll ^ l a 13 ^j-L)I 

<j ^iJl J* JLali . jlJLtSfl <j jlaJ ^ l*Jlj t j*JLl ^ L ^~J tJ-*A*l£ jt^>waJl ^^-JalijjjJl 

JLu> LojI L«j|^ t dJLl j--4~l t a ll IJLa 5 j-4-U t j-JjL*J1 

^4 <^> L-l-L-^ 4 . ... Ira*, jJl JiL-ll 4 -»*<Ij-Lj ^L*3 j_I jj JLd- l i . 4^_Ij l1-3 jJl j-J^I 

iiS'LI J-p (*W^' (i H^r J-*j t J j_L>- J t i^r 

- ^c-JjLlJi ^3 o ^ ^ I^La . (J^-*^S/1 4^jLm^-I I—. T ^ II ^3 ^JL-Ul 

i 4 ^ . tl". .., a I? j]as>- ^jA \1 j\j*^AJ& 6 ^.T nil 4**>- ^il il-U-S/L 3jJ>«i1 (_£3JLnJl ^j-4>*JLJ 

IJL|- pJlJI ^LjI JiS _ c. >r . ll ^jdjyi lj jJUVl* oLa j_Jl Ijj j-JiSj lIjL 1 4iJJj 

. jbJL=U\ 0 -..L»-.tjjjJI JJ^dJl 

* > 

c w> Lj U^J? t pVj> oL^aUjJi pL^Jlp JJ ^L->-l 4J^- jJ ^ JLij ^lj 

LjllJJ j ^ T j L-Lx.a-1 I^jjoU ^rJl JjL ..1 1 oljfe t 3ljLpSfl 4jjlaj ^3 ^JjL...< 1 I 4 JLi La 

*>LLa JuLJLI 0 JlA ( ^ r A . ^-1 al3jj3 JLlP AIjJj La ( j-»^ju 4 ^1a ( J^JL* L^JL^Lw^jj 

.^Jj . . . (Congruents) 4JL*LLdl <J\ aj 3JLp J -JLi 4 JL~_a 

6j^^Jati ^li (_^Ul ^ i * 1 L -U J-I-l jJI J^.: ... a L_a ^cJL* ijL^aij^-Lj 

l _ f a^ o! Jjbiil ^jaj . } (Fermat) l a^Jj (Bachet de Meziriac) j3 *l- IL Jbo 


Rashed, «L’Analyse diophantienne au X 4 *™ 5 siecle: L’Exemplc d’al-Khazin,» pp. 193-222. (VT) 


otr 



*LJ“* JL+d J-4 Jp Iji J-i-Ul Jp J~>- 4 J-p £-*l jJl ii-A 

oL-^LjJl <j^- jj-* j-> jl 4 L ^aJajJl UlA j*lJ j . ^ V *^*Nj-A oLw^L ^Jl 

3j-*j Ujjj . ^JIjJl ^ oijp-j^ ^*P ijjjjJl oUlJI ^IJLpVl AjjJaJ jLipI (_^ j— < 
jJ 4^1 L^jld! h$)\ v u Jl J^ill Ula J Li^JI cJu^l J^JL 
^lljj ^ ^,>1 .,<a)l ^ vjL*>«Jl 1 -La <jt O C-J15U 4 CjJl>-j 

4 <1) jli-lj Jp Sj^jP 4 J*lS^ JLljjJ ^-UJ {j* UJtj 4 oL^U^ll ^ Jlp-lj 

Ji« Jju U-3 1 jj\ oLpLj *L*JLp US' 4 I ^y\ j 4 cUJUl {j* s jJ-l Uj 4 j 

. . .^ijJlj 4 4^^ y ^jjJl JUS'j 4ji^l 

JlA9 . JbjJ-l ^w.yg ^J| IjLA Jl I j ^ - * » JLd klj|jJL> 3^LJU j^JaUJl (J jJjJl (j ! V j 

^5 Ju^Sfl ^A |JLA» I 4 ^1 JLplS A^jUJI t^ULtil JLl yi IjL^l <L»j JLflj JLaj 4 4—<J»S 

< -jlSCJ I ^jA 1 JLa JLsj-t ^Ij 4 C ^U^-Vl J oLduJLI jLLjS/I o 

ajI c^JLp c^Lm^-I <wJlSUI ^-s^j jj-C JL^-I ® ^/j a-»jJLaJI 

-L>-i _ ojliM |*-LSj 4 a j-p ^ U-S (woLSUl J j^kII jLiall Ula ,^ v Jb*-Sl 

! JbJbLl JJl>^l!I lJufJ *L~-UjS/I p^jhLall oL-pLjJI s-LULp JJ>ol . jlIaiII Iaa 

{* yQJLA A-s^L >- J 4 jJ^il ^ j ^ 4* J . - ^IjJl AJjljJl ^-5 till pj ^ j a 

(J J-i Jb jJ-l Ji^l I j_A jjl ^Jh . ffU 3jp - ^xLU-j _ ^ajUaj® 

tiJUjlSj 4 (N ombres congruents) AiUaiU ^IjlpSIIj (ajjIjJI UJli) aj^juJI oUJLill 

* (^v-P^aP^^I aJa*j^ 4 4 ^l-Lp*b[l A> Ju t ^ 5 ^Jj Lh a aIa^mJ 

oltitil A-jxljjJ ^j^UiS/l p.^.AljU c a i j£‘$ ^JjUJI ^^3uU (J j^>«ll ^jsJjit J>-3l jl 
*t oLtltil fiJLf] Ijlljl l)^^j <1)1 l^.lpUa“«^l» a>t ) <» ./ all ^IJlpS/I ^j-P <J^U*Ij 4 A^jpljL4Jl 
jlijj . U>jy^* ^ C5^' A>wj>wiJl 3lJ-pVl ^>P C$1 

t ^jJL^JiJi jl>-I Jp o aJIjlII Ajjjpli-Ail oULtil aJUl* ^ja JS^ <1)1 
oJla ^IjlpI <1)1 _ oJbu <l)jliM U-S - j£jo ajI ^p . ( \ T ^j^UiL) \ jl ( \ Y ^ UL) o 
aJI Uut jJLu a^mAj wjUjll IJla . aJL^ oil Ail jUjt o_J . VVj H - iJUdl 
. a-jIju -usl5 olliii IjIjjI <1)^^j <1)1 ( t ^La) \ JiCiJl ( jA iljp^/l J V 

<Sj~* ^ a-j-haaJI <l)jl^-l <j**j 

Rashcd, «Nombres amiables, parties aliquotes et nombres figures aux XIII C - : J&\ (Vt) 

XIV® siecles,» pp. 107-147. 

Rashed, «L’Analyse diophantienne au X 61 ”* sielce: L’Exemple d’al-Khazin,» (Vo) 

pp. 201-202. 


on 



:«JUi * r jal\ (n i.-^n JjVi < ^uji v bsai) L sj 

ijj y xj 4 (v1> (i,j/) = 1 ( x,y,z ) i-»^>waJ! 

: &\£j» aJUI J* j 

z 2 + p 2 = * 2 , 0) 

y-Nl j * yi* (p, g) = 1 *p > q > 0 alJip] LsLi JLr jJ ( T ) 

! v — 4 

x-2pq, y = p 2 -q 2 , z = p 2 + q 2 . 

'. ^ ^aJ^IaII jlaj Uy jjLLl 
x 2 =x\ + x\ + .... + x 2 . 

JjJi Jl«-* jJslIjj . n = 3 <JL>- julp 4jLS jJ ^*_p ^J i ^Jjp c <l*Lp © ^£LaJ j 

I 4jul jJl 

£ 4 + p 2 = ^ j z 2 + p 2 = z 4 

(ajjIjJI aajUJI) olildl js* oL-ljjJl oJLa jup LUi U ^tS'T yj 
c AjLliadl dJLpVl 5jl— w# (Jjtj t .iyM jj! c<L)jLL-| L^-ajIj ^yJl 

: p lfcJl J>- 

x 2 + a = y 2 1 , 

( 1 ) 

x 2 - a = p 2 . 

.* (jcilkdl c ^Sjlll JjLJI ^^aJJ J cJJjil Jsapl La 

(2) (it 2 + v 2 ) 2 ± £uv(u 2 — v 2 ) = (u 2 — v* zb 2uv) 2 

(juijlkdi ^JU . a — 4uv(u 2 — v 2 ) JL>- (1) p tlaJI Jj>- ^yJl 

I <LJLll S 

z 2 ± 2a;y = (x ± y) 2 

• L.W t/9 

x = u 2 — v 2 , p = 2ut>, z = u 2 + v 2 


.(2)> 


■ JjiJ ^UJl J! L* ( x,y ) ^ (VI) 

.m . \vr ^ n_i: jjuaii (vv) 

oTo 



: aJUI o* Jl\ j jU-l Jli il 

Kl) iiL* 0) : jllilS^ jJLd! 0^^ Jj . Jaii L--J* Ljlp a ^ 

! jj5\j c!^w>xj (ffl, fl) ,jy*yw^ (Y) 

m 2 H- n 2 = z 2 , 

2mn = a ; 

. a = 4uu(u 2 — ir 2 ) JiLiJl Jp a j j£j \» j yJ! oJla JJ* ^ 

^y^r Jp 3JLp AjIiS' <lt^ 4-Jj3 LajI olJL) JuUiJl IJLa JJi> y 

11a <J^l>- 4<Jjbj . ivJjjJl fiJL^J 4v»o IjLs 4L3 flJLP jjU-1 y *^-43 . 

Lo-^P-J - JiJ C-jLmJ4 4^JLp III - 19 4-wsiuJL 0 jJrfL^a 43 Jp 4^>- t 

^ * J > » 

oLs^ljjJl ^ ^Li 43 3 1 vail 4 jL H alil ^Jp ^ jJ>-l 4_^_>* y j _ «— >ll^Jl lJL$J 4-JjjJl 4 1L 

.' 4^j JuaJl 

(p 2 + g 2 )(r 2 + s 2 ) = (pr ± gs ) 2 + (ps =F gr ) 2 . 

4jUjl Jl>-)) ! <j L ..,>.a. ^ A_ -. .1 Lj‘ . - ijl O^^LaII OuJt_j3 OjliM 

! (^1 4 ttLu jA 1 A (jCjl 4 Iaj jA l^P^aJ^ 4 * -^>aJ 4x1^3- aUpI 

£3 + *2 + 23 + x 4 = J/ 2 , 

ajj + Xj = Z 2 ij (i< j) 

• Cj^iUa 6 — j* jAj 

J-$l— Hi J Jlj-^.ll lj_>- jJ* Jjl l .pjj i jJLi" f-Vj-A Li^La-apLjjJl ^Lft-Lpj 

d)I jlju yj Jo> cJj ^^11 c j-*j • H ®4iA y Jj^l 4 JIJ-I Ji* c 4l^>ti«Al 

^jjJ-l 3jp ju*^4 ^3 JLp ^ ! Jj H 

Nw .’ 4-JLlil 4«,y9..a.ll ( jJtj*j (jl jAjlz? jj! Lp.jl J jl>- JlaJ j . yuLj (1)La jj jli 

^j-)3 JlP (1)1 jJ ((^A.xXa 3 Jp ^jj3 JlP £ -+ JL £ jl 

3jp ^..ax.4.0 JS jjj3Jp ^1 3 jp jl gy 3 jp 

< A *>«. , tl 


«n 


. 4-4-aAj jJUail (VA) 
.Y\ * y 44--aI j-Uflll (V^) 
. YYY y i<Ju JXA\ (A») 



jl aJL**11 oJLa <jl ^ p-P jJl « Ua 3U jji*3>- l 4' Ol*j-> cUUJlS ’ j 

Lk-^3 I^JLpI ^jjjJl tc-jjjJl oL-^LjJl p-IaIp JtxJil ^ cj yi^\ L^> I V| 4 ^ \Euler) jJjl 

. x * ~\~ = 7 ^ \ (^lill aJI>s1^1 jLkj 


Aj 3JL*J1 Llll L i U ^3 ^-w«Jal3j~> J-il JlaL>vJl 1| ^3 <■.!*. >fc*Jl c_£3 jJj ^ 

4 Jti . 3^L*JJ j-iUl 0 jA Jl y* JjVl c. i va « l l ^ oljj -^■ p (*ij1jJl <UjIa)1) 

0 jA Jl AjI JU J <~*JU j jJlJl < j-a (OOtJl l tf * Jl (J^J»- 4 l ^,lP ^ J jJijJ 4 |t-AjLlJL^“ A_Ajtl**1 
Ia^ 3 4 Ojji^l ^L5j » |t « « $ .11 Jjjlj 4 llJUl 3 jJLl jjl A-liLal JSjj L^ 4j^-^A3l 

U£ jAl UJj . i j~jjj ^y j^jJi 4 j^-b jl aJL jiaj 4 IJLa a*jIi*j 4 Jt*j 

. 3 j^A ^1 cjLIiS^ jll p 

<jLw»^a c Aj 3J-*J1 A-^ljJl A_$JlJflJl oliJ-iil ^P aJLwkj ^3 <*i^JJl yj 3^J^1 jjl 
l ^ n * ^J_p j s A-Jl j_Jl olilill ^j-j j_SsiJ A-aJ^UI Jcjj^-iJlj 4Aj-J*-Vl oJla 

4 oUa-^ll oL>-Lm 11 eJ-A a-j-^J j t L^U*-L te w®j 4 A^Ui otlJUll Jj1ju>- 

AjIjA ^ U &->\ 3jjoj k ~ 1)2,3... £* (jPiPA-fc) A^i^ 3lJLp| djLobj y* LS^Alajl dJJij 

. 4ilkdl 3 (JLpVI aJL~4 J,1 Alllla 


.* AJ 3 UII Jj>xj L ya>-Vl ^jp j 4 oliiill flJlj- 4 L-j 4 ^ia! tillJiS’j 

M v 2 = x\ + ... + x\ , 

. 2 vt = 2 ? <*j* o j& t 3 Jp yuA>\ JP d^>cJL) Al4jjJ^ 

(i; + <:) = -}- ... + ^ + i 2 + £ • 

^3 L^1>«j 01 1-3 jp 1i| AjI ~h 2) J £j^»xi1 i)j£j 3Jp ^P I J^A 

. <ul*Ji aJLLI ^ 01 4 n = 3 j n = 2 o^l^l 

^j^ju ^ylJu 4 Alia (Induction) A y£uJ\ Jj jl? ^ 4 C 5 j^-Jl jjh 4 ^IjJl ^ 

\ aJUI A--sAa]I 4 f' cJ JtJl 


. oUjj« n < ^y*£- j* Qj* ^>-ji ‘ft J^J ' (P n ) 


.(^> 1 ) . (j* WAT . W*V) cijw^ (AO 

oYV 



: J iP 2 ju-i j Si jI 5u ^ji t ii£* 

x 2 + y 2 = i? 

: L«-(Xjh 5j*if jlU £»l ji\ ^ <dJ^ j_jju . jJl j 

y 2 = (z-a:)(z + a:) ; 

! y 2 i JL^I i^li ( L.I 

y 2 = 2*fc(2a) , 

: i!) U- z + x d)_j5o ill j il 
z + i = 2a j z — x = 2*°b 

'. Jbxld 

x=- a — 2 k ~ 1 b j z — a-\- 2 k ~ 1 b ; 

j j-SLJ 1 2*~ 1 6 < a j k > 0 : .kjJLJl k JJL£ JL>- ^ k Jl-SU JL>L t IJLSLaj 
jjjL 6 - 1 c-JLT ISI 4^ULl iJLLl ti/ 2 = 2* +1 a6 jy>2 k bjy*> 2 2k b 2 

:Ljd 

y 2 = 2 * +1 a , 2 < 2 * < y, 

JL>- ^ y > 2 j 2 ^ y cJL lil Jj>- *yrj La 

2* Jp ^aT y cJl S' ISI }L- 2/i — 1 LjJ ^ Jpj t y > 8 j 4 Jp y 

* y > 2 2/l+1 j 


tn = 2 JL>- ^ njl L sjj> fc *Jl 4 aJLM oJLa Jl>4 cUiSLa 

. SJjJiP {j/yujA 

:^>Jl ^ aLLII Jl» ‘^3 JL- ^ Ll 

x 2 + y 2 + 2T 2 = t 2 , 


LJ -t — x + y ^ jJJl jjk *LJ! L« j^p j-* Jl£ L ^ 

0^ (JL" *1 jJ5iw><l ^Jp <Jjb IJiaj ^ P n H" 2 LjJ i)j£j S| P n LjJ 0^ IS1 t aj\ jl*j 

. b jL» 7i jl£ Jl>- ^ j >~ l *1 j JLxl ^Jpj L>-j.3Ja 71 


oYA 



: La aIai) tn — 9 VjJL>- 


jjJLJ^I ^jlp 

oU>l 


[n=] 2 

64 36 

100 = 10 2 

3 

36 81 4 

121 = ll 2 

4 

36 64 400 400 

900 = 30 2 

5 

4 4 1 36 36 

81 = 9 2 

6 

900 64 36 400 400 225 

2025 = 45 2 

7 

4 4 1 36 36 36 4 

121 = ll 2 

8 

900 64 36 400 400 225 900 100 

3025 = 55 2 

9 

4 4 1 36 36 36 4 484 484 

1089 = 33 2 


(Y - WftjJjM 

. aJI y al-'yi flOpti aL^-I J6 J jjJU | JLa <jLl jl ^ 


JJL>«jJl j-p <^l JL^p-I jl ^ Ll i _ C .»_jj 

La Ip jj j t a—^jj jJl JjLII aip JLilj ! jjLLl jJLaS ^ L«Lc ^jJUJ ^-Joij^jUI 

. jladl ^-Jais^jjJl ^-jLI ^ jlpLJI j£ L# lift j 4 jlft ^JJ a^jh^JI JjL* jJ! 

_ 4u^xl*y\ JaLaJ^Ll 3 j.*/2.g[\ <JI^a1w»V1 o_j^Lp c |»-ft J lJU> ^ 5 aj^L^Ij jjliLl <1)1 
A-jL*«w£-I d>'y V L L 3 jJ» I Jli 4 JaJ-I lift j^ftl jJl p-liaP V - A^.Jal^U 

ajjj-pUlJJI oLJMJlJI aJLh* {j* j-saip J-S' ^ jl J_p aJVjlII Jl *>LLa ciJL^ ^Jills' 
<1)1 jJLjj .(U ^LJL>) \ jl 0 Y ^j^LJLj) 0 JL>"I J_P I Oj£j 4 A-J|JlJ| 

<j! J*j Aj ^jkJI cl> L yg L I ol^^/l 1JL^> UU j JLs jl) 1 JJUxl) I 

Vj . Al>*_> A^jL*~^- 4_JUl A-^Jll^Jl Ale! JULl-V Siljl O . L* ^*3 £a J^lSjL A^3 

JL^l a^:JL LuSLl j 4 c ^1aI) ^ ^l$Jl jjla.ill iJLft <^jJi>- ^aj jVl L5 i>- LaLc ^_L*J 

SjjSJJJ A : .»lalijjjJl aJ^LmJlI JiL I jy/3* li>cj (_£3J-Jl j5" JLa5 . JLrj L*-J^ oL-^LjJl *LaJlp 

X{ Jl ^l^3jV La-j aaI^Jl! hjV LL! ^ ai>sj L L> J5L*^j 4(oYV ($s0 LLL*» 

• ^ ^A ( j^L-4jj t ^LJj jjLliidJ lliL^-a LL~^ g < a j Lgjo^l jl 

• 4j^L<Vj oIamJ L *h^> jj 4 I 4 -A ji ^Jl oJj«AaJ| L^laJjlil ^/uaJA* La ^S’JLaJ^ 


JLl ^J-s ojCa y* 1 lSj 3 ? ^^Ij ^Ll cjl J-x-aJ cUJJl^j 4 jj^Jl Uft d ^w-* (AY) 

• J^4^l 




<1) <1)1 x\ + ... + x\ J y£*j V illi il 4 (A y*LJL) 1 ^ n tb jl» n y£J 

. Si ju> blJipI Xi , ..., x n cJl5 JU- y l»uy 

4 Sl la» * Si ya lilJL^l Xi, ..., x n _i oJlS" lijj c (A y LiL) n = 1 £-« b y» n y£J 

.Luy xj,....,x^ X n yuLi iJLP JL^jj 

. ($) JiUll apLsAj fli £yJl I -La ya CjI» JlS» I jjj 

LaLaL 4^-l>- e-j jjJl p-^ j-A Ij jJl p-LJLxJl JLo-pI y« SJuJlp ^jllj cuLsj Ji j 
JuvaiJ! Ula JL»Jl^ y5CJ fcyiJlJ j~A J Liber Abaci Jl y UL^4 j Liber Quadratorum Jl y 
. (Descente infinie) «ytr!A]| ( jt) J jyJl» <Uj j\a] U y jlSlltl 

JjIpSU LjUUSJI i^JaJI 

^J-P ilJ-P^I Aj ^3 y^2-*Jl dJJi cl^L w^ bj-ll P-Lft-Lp ^ .*<1 ji 

4 y.lla-Aj ya bllail 4 <«1^>*-Jl ya <jl jljLj (_£il JlSJLs . jJl 

4 ^JIIa Uiijlj 4 6jJ */*a <JjS/l jLllI ^yl^l . LaJjJL £j ilJLpS/l y AyypNl iylalll jLllil 
4_)^\-taA< ^3 ^l_Jl jLJI ^ W - l "4 «■< ) 4 J ^ o^l ^^4 Aj^bJl I l_i<. « I ^j-4 

yi jJL| y jJ^La oJLSil y yJaJ l^JjLa iSjjs* Lt-uaJl 

yp j (Parite) ^IjajVl yp Jl>J y-LlSI <^5 yi . (Nicomaque de Gerase) 

iJLxil <jl yp * . • aJ^VI il-i-P^I ... 4 4^ ... a ll 4 J 0 U * a>k^>kva) 1 ilJLp!*] 4 ^j j «,<g ll y o\ 

(l)Lft yjj J. >.t_C j-Aj 4 Ja->- y» 4n L S ) 4 y JLbl JLLp 4 > ^>j> t . ✓? l l 

4^>r^w>r. ./xl I ilJLp'y I yp ^ ^^til iJLfJ u^tj yb-jjJl S ^JgLJL^ ya ^Jl . Lb^uiJl 

f-r' 4 1 ^ *«4 ajilJLa 4 1^«« p cJ^* j» 

I — j jJ-xt P-Vj-A Jl 4-41^! 4yAljJl yjUlil ti- L^ y . yt-Liil yp I jJJ? Jj 4|*-^3 !-LaIj 
c_3 JlA ^1 4 yu JlJLsI jJilj 4 4 —jL— i-1 ^ 4 {_£ ^>-1 4-J->- ya j . P-l j-S." . <xN I 

yL >-j 4 ^jLw%JJ cJIJLa! y» J_j>-La j-4jJ j.la.1 j <J <1)15' L^u 4 ULa yp U-jU- 

^JL^Jl y! 4 4LA4 ylaJi y (jjliil UlA ^yj>y yJl oL^>L jJl P-UJLp il jilj . 4™AJ 

bj 4 JL 3 . p-l j_a y_g_>- jJl jl>-I ! y^_>. j yyj iJL*Jl j->- j® ! l.^i 5 ^JJl 

y» I j->- i j^rjj * L$J yll y>l jii-l ^uS^- jLip'VIj y-AilL JL>-j 4 oyj ilJLp')/! Cj yi*»l 

A>-jjlj . ) C->b5 yl <^JL1 Jl 5 (jyljJ . yijj^L^JJjS/l yP-L» A>-jjl iJ-»jl 

A5jteXll i JL m_) I . y**^-jljiLl_j yjblyJl ^_a iJL«Jl 

. ^ y* JL*lfi^/ C-tVLSil 0 JLa 4l4-s^J (^*^1 J* ^aI yJL 


t J J.‘. ]g .^1 i <JJl JjU A_1s> jiaJt) y JLiS| ol j^L^-a ^yi < y y-^*l y jj! (AY*) 

. Ji r\r sijjJi com 


df* 



jUjJl <J jh ^ <JjU j* 4 I ^ oL^LjjJl *LJLp jJaJJ 4 4 a j./ailli 

iijJaJJ jJl Ju^Adlll ^ ^*-P jJl <Jp 4 AjI Al~>- ^4 iijjjj . pip CuLutS’ ( j*j N 

c aJ^i^u a^^S/I ^jA \y\S ^jjJUJ c o p-L^JLaJ <L)IS^ ca^jJlIaN) 

^ ll ^1 ^y^Ll *t A>-jjJall aJL-JJ Ix-j * j ^1 * 

JL^J ^ja |t-^jJl Jp- 4 ^ y>-l a^j>- ^ja j . * A *\wilson) d j~JJj aia ^ j K Vr-soJl **■* 

A^jLmJLaJI *—il JA^L) 4 ImU AA*4^JiJl 4 4 _^jVl A-j jll oLv?L»j *L»JLp 

4 4 ^.>1 a*J ^ j-4 oLs^Lj £L*1 p d)Li 4 1— «»Lmu^-I ^JL*J ^*j^-L4jJLj 1^,,..-^ ^Jl 

IJla ^jjIj y£jjA . I Jut 4 — >Lm^-I > LflLftjj&l l ^ JLuI jl5 4 ^Jj * • <Jr^-p j-^ j-*j 4 ^L-Ul j 

^Ijll«I ^Jp £*jz,3hX 1 ^JUiil <1)LJ}U aaLuJI ajL3JlII ^>jlJ jJp 4 IS| 4 |tJL*Jl 

^ |%JLp A^L-^4 ^Jp 1 JL»mj » tullSLJl I J-A jUaj I jjLhJjj 4 j j ./a P 

. L^fJb A^jIS oLkS’ jlJpSH Aj jJaj jLlli! 

l) jaII 4j LjA 1 jS^Ij olJu Ji (^j^P'LLaIIj ^^JLiiVl ^IJLpS/I Aj^Jaj l)^ ^-p 

4 ^jA jJ>-La j j- ‘ » jLlS o jJ 4JUjIj 4^* jj 4 jjJajJl o J la O j-s^Lp JlLIj . ^LJl 

iJb jjt (^ * \ o) ij Oulj jU . ^jA&y J 4_a]ja a^ jiJ Jj'i! <aj>-\ jaj 
^JJl 4 IJLa . <il>*ill ^IjlpS/I ^ J j\ 4^IjlpS/I aj ^ laJ ^ 4^>^JI Ujt 

jj>Xj ^ 4 (a °\f. Woepcke) -u^-jj . ^ JL»-pI J ^a-L JjLJI j j-ill J-L« j «i j-p 

6 ji ^jj CuU ftlJb 4 mJlo-SIj JLiiu ^ Jj>-J luj! UJJLP 4 oJtrTJ ® j£ oLL4-4 

(J.^laT Jv3ib 4 (^ \ T* ^ ^ o) (JJ jj 4JW2J J^j 4 ^-y jJj| UJ ji-uL 

LgJ-a 4 fiLtuu*] SJLP jJLfllJl I Jut ^*^Lp 1 ^j- 4 J ^ 5JjS/I iuL«J“| o'V I jJl Jjl A— *»lj^ S' 

4 jU-jjJI pU^JI 4^ JIj 4 4 /^jSlij 4 4^1^1 :^J-I N Jliil Jp 

IJLa Ji^2j£j ^■Ipi'yi V ^jialLj . . . Cji^J 4 |t 1 1 <jj!j 4 JaJIj 

^ 11 a -4 ^-*aj Ja Qi JjL>tw( I jj . Aj jiajJl oJL^J j^il oL» i«/a.ll j/uj ^ 4 4 - i » ^ > jJl 

. U Jp Ljt ^1 aS” yt| ftjjh 

3J jVi ULJ-I oVUJI ULt^l j iUdl jlOpSfl 

4^Jt^jj AaLJI ^IJpS/I ^^3 AjjiaJ ^yJLJL^I j^^yJap! < jll^Jl ^ll>- ^3 

0 L-S' JL>- . aJL*JJI a.o— 4J^La^i ^1 - 7i = 2 P (2 P+1 — l) ^jlaJI ol 

.( r \^oA . ^LjJj ^Lj (AO 

Franz Woepcke, «Notice sur une theorie ajoutee par Thabit ben Korrah a : ^Jajl (Ao) 
1’arithmetique speculative des grecs,» Journal asiatique, 4 Icmc serie, tome 20 (octobre-novembre 
1852), pp. 420-429, 

. 5 ji {ji C-jU 4_u^] I j*pH- 4 ( j^S I IJLa ^ 4 <u^jj ^JlL J^j>- 

or^ 



JjL*r ^ i^-Uii j^Sd . Ujl b-U* (2 P+1 — 1) 

4 aj jJslJI oJ_a *Lli 4 b[ 4 o j3 d<ulj j jA± . AjL>«jdl ^IJLc-bU aUU: <L> ^Ja_* *QipI 
^^iJ! 4^lJ-P-S/l oJ^J d)Vi (^1 ajj& j-ll 4 c^>«-J! ^JiJbyi <> fjJ* j->j 

<r(n) = <r 0 (n) 4-n j 4n ^r>w> jJbJ l^Ull 0 o(n) (I — J 

a 0 (a) = 6 I <1)_^ <Jb- <jbl>fci4 La $ 1 <JlJL ^^jlp <1)L> j£ JuJ j in. ^*-^1 jJ 

.cr 0 (b) = a j 

*J {/) *-*jr* 

4p n .i oJLS" bL* <:q n — 9.2 2 ” -1 - lj <.p n = 3.2” — 1 4n > 1 JL>- ^ 

. 6 = 2”q nJ a = 2 n p n _ 1 p n ObJ^Jl o^L. Uji^ 4 aJj! WjipI g n j 4p n j 

4^ {jA IX-14 A.y/3 aI 1 AlsL^A 4.>^A> ^J-P j£jjj l j3 ^jjl <1 )L* jJ <1)1 J&JJ . J 

. (de raison 2) 2 ajopUaLI ob a-~-jii$JI aLJL-iII { y>\ ^ 

j+pzj\ 4^Jj^/l ^p ^^L-aJL1 ^LmJI (1) jaII ajLj* ® ^3 ^jjl <1^ 4 AjI 

*LJLp ^JlAj ^J-P_j 4 AJLfc oj_A ^ ^-P ^jLpxJiII ^IJLpS/I 4^jLmwL-1 Aj^ la ‘« 1 1 ^jjLj 

f-LJjJ aLjJs> a>oV . ^IjlpSII aJla ^ oLshlll ^Jp j jl*j U-i l^J oL-^Lj3! 

C*b 4 ^^iJLiJlj 4<^AV o) ^LklSfl »La^L £j)aZ*Ai A-JjjJl AaJUL ^£~n2>Lj 

>UJ L$Jl 4 , 4*La-w-S/I fiJl A . ^ 4 P-LlJl 4 4^jJb 

^1 jLl^l . ^1 Jjr\ Site J l*i^l v . r ^, . <A&\ aJ L-j ^ 4^>t 

jJaJJ 4 L-^JL jJLo . OjL^j^ JLLp ^ \ "lY* A pbJ! ^ ljb^L>»J 4 Sji ^i -C-fc jJ, 

. (Exhaustive) oJl^ Sy ^1 aa»^ 1» j! 4 »—> yJl Ai*>L-! Jai> US'j o jl^j^ 

*Iip A^ij l J» 1 _a1So pJb 4 AjUxill aIopVI ^ oLsUill jLjb Ul 

(i ^ 4(YAi j TT •) (j j>\ <JLu 

JOu 4 t ^LlajS/l <1)1 j-t-j cLUJl^j . ^jJbVl Ula jlip oLL-b^-1 oJLa ^LaJiaI A-b 

t. ella.n a 5Jjt ^(JLpL A—*LJ (jJJl jJL^Sli iJLP jLS^ bl> I IJL^Jk A^Alit cJlAj (At) 

c ji»-I j~m2ij i I^Li O— li ^1 ^IJLpS/I ^1 bl < JA (Jjl iJLP (_$L <**Li jj^il {j* 0j& ^jii 

. ilJLpS/l tl A (Jj~> <£ >1 aJjI I y aJj! ^I-ApS/ yw?Sn l) jilll ^ftp Ug A-l i 

Rashed: «Materiaux pour 1’histoire des nombres amiables et de l’analyse com- : j_ia_Jl (AV) 
binatoire,» pp. 209-218; «Nombres amiables, parties aliquotes et nombres figures aux XIII C -XIV C 
siecles,» pp. 107-147, et Roshdi Rashed, «Ibn al-Haytham et les nombres parfaits,» Historia 
Mathematica, vol. 16 (1989), pp. 343-352. 




(£ - 

. ( t AT » ( Li U Vk> J&t- t J j/.la.^l) iU*dl ^Ij^SII c iji ^ c-j1j 

i ^L u jJL^I jIjlpS/ 1 ftJLfJ Li^JaJ Jjl LpI . ., <? i c-*Ij ^li 

A>\* j ^ t>Lai j jA Jl (^->- *— LLSL j! clL-L £lk^-lj 

^LJl OjaJI l-5*^ (J * 4 

. ^JLp ^LJl j ja}\ ^ l^-ij jc^ Lijl *c> ^*11 A>oj . 

; ^ <>^1 a-XAj 

.^n = 9.2 2n_1 “ 1 tp n =3.2«-l m>10l^ li| 

[aP b = 2 n q n j a = 2 n p n _ i Pn 6*l» ‘ On j Pn j Vn - 1 ^ 

. ^<a>U J3l j ^JLP* i 


•rr 



£-* t<-yU*^-l l-Lf* Jjl )j . ’■I 4>-j3y« (^1 l— *U-> sj |»j!j { t O ^aII ^4jj1 Aj^L 

^jjI Ja-*>j ^ j i <J jJJl ^ Lf *^t jLill -Up t J^«j luX^i . <jPj-pjM a^>- j Jp *U1p 
j Up d-JLtJl (1) jJlJ! il^UpLj-il *UJp A L5^" »Upj C <— > jJull ^3 *LJ| 

a-jUJI Jjaj U-3 (_$^jJl c— — . L jJ Jl 4( \ A$ \ 1j WY ^*0 ioLill i:>t>UJJ 

.o,i&a jii^jLi (<urv*<nj ^nroAO 

I j jl-^a 4 <1) V I Jl J-US^ I <1)15 jJ J 4 £jjJl I *i-A LJ£jL l .^a_>wLa <jt j-P 

AjjJa-» J-a ^ ijUcllI ilJLP^/l ^jP <5->«-JI A^_*J ^li\ jjJL)l ^Lo J l * * L-^P’J 

ojjSill JUpS/ 1 JLP k-A3 jlil JJaj ^ylj . AjjkJl ftJLA ^ jJ-1 J-f£ US’ t^l-U-Vl 
^Ly-iJl ^lUJl c^^jLoil j^jlII JL5 jLvoi Jii . j-j>JJ Jp-juJI I jla ^ JLill ciilSj i LLU 
IJLa Ajtjz Jjj . iijjlaj a y ^1 aia j*> <1)1 t A-ili cU>*-> c j*-g-lJl ^^-pLjJlj 

pip U^uSll ua tJ il 0^1 Jl A^li Jlj C a^LJ-I oVIjJI Jjl <ii Jl J^l 
t a— jljjJl aJL^J ajjjj-saII a. iL.il jill JjUjJI ^jUJI jyb <5UJ5 j . S ja <JjS! <l. ^U-^- l 
<w-l.p ^ ^^pU- *■*! c c5***i jLsAi>-L Ulaj . aJL^-IJI .aljpVl ^jp ^U5 ll>o Jli)l> jj^j 

. :>!>LdJ ^JLp ^jLJI j jill JLaj UJ IaJL>L US' c^lJpbU <U-US/i AijkJl 

. ^jrv—J I uLw -^ l JIjlII ^k—AaJ H «aaSI Al>y J-P ^jUJI JU> 

^:SC: LjUa3 IJLa 1 JL-j . j^Jl A JlA iJLp J C ^yJ>t-*0 ^Jp |^-rfl ^3 

A1L« ^Jp a lIIj <-*£ jA ^Jp . J5-UII ^Jp ^ 4 * 4 

<1)1 j--p J5-Lj) LUaaJI ^^3 jP 

. JkJUlIt I JLa yAj-j 

/X — 14 A r iLiil uilSO* Usdi ^ ^ jUJl ^ jp ^1 c ay yjl ^ il 

A11a (JU5-AJ 3 ^>-J yUj <— iJjil i l^»-A*> Aa-sdiJl aJLa ^Jp Vj C ( j^-ULa V 

i Uiyl y}\ 3 J-^j 1 j-i! aJla J-pijj . ^JJLSUJl I JLa aJIj^-jj t aJj! J^#l jp J} 

^jUJ! j^jUJ v— c^l <3JL«J U-^UJI A-ly>-Vl 3 Jl>iJ <1)1 Ui5-*-j 

V^lj ^>USn ^JUL- JA iiJjll <1)U JsljVl AP^Ut Jl jli ^5^- : oliJL 

. «<J ^lyrt 1*5 Lb*l j VI ^USlI 3-uJ Ul ^Jjil Jl 1 >>j 

j c J-«l jp Jl JJUuJl JjUj <. LUoiJl aJLa u-ilipl 4 ^-jjliJI { j/L>%Jij 
I Jla 3 ^ ^p^l A>«yiJl ott dU ^y^l <1 )j 3 y^j . aJjS/I Ju«I jJI 3 J 0 J Ul U->*U)I a-Ij>*S/ 1 
U»ljjil IjaU J^ t- 5 > *-pl Ij^a j . aJSLlII ^IjpS/I j Ji^l l^ll jjjj UUail ^a ^ j 1*JlI 
<1)1 . <r(fi) aJIjJI LI J* a II ( jjt Jjl Ait cJjLi cJLjJlI IJLa ^ . LUi*l oVIjUI 

LLva3 ( j^*j • A-jj-P aJL Lyl Jp <7 J Ali yc# la>-^ Uli idQ^n) (_$j— - ^JUi ^1 jliJl 

* ^jP J p ^ Alii! aAa 



< <AA> (Pi,P 2 ) = 1 f <-n-pip 2 JU- ,J O) 
a 0 {n) = Pio- 0 (p 2 ) +p 2 o‘o(Pi) + 0o(pi)<r o (pa) 

I ojLaJIj O jA* tj*b If 

<r(n) = ct(pi)<t(p 2 ). 

i(pi,p 2 ) = 1 j J_>! - 2 J>P 2 £• ‘ « = P 1 P 2 O’) 

o- 0 (n) = P 2 ffo(Pi) + ^o(Pi) + Pi- 

Cd^ 1 Jjl iJiP p £* in =p r JU- yi (V) 


r-1 


a e( n ) = Y2 pk = 

h=0 


P r - 1 
P-1 


. 0'S / 1 OjlSo^ Jl a>^jl* LLsaaJI aJLfc oJlSj 

(aJ j ^ ~*.j a-4-^-aj U IJiaj) tlLli ^ dj.* cr 4 4 J jL>> I ( 0 

oil* aJIj S j^3 (5 y£> J . (pi y P2 ) 7^ 1 £* = pip 2 JU- iw» *lk*l 

. n ^1 ^Jl«j r(n) a : ,^2Hj LL^a» cJip 


aJL* 4 SjjL«jl« aJj! ^IjlpI p 1? ..., p r 


<.n = pip2».p r c JL^ ^ ( 0 ) 

:J r 0 (n) n *1 


1 + 




. (Deidier) A-jJbb « »^>U a>j L» ^Lvai ei-A j 


:o^ ‘n = p\ l p%...p < !; JU ^ (*0 
r(n) = 7T(e t --hl) 

(John Keresy) j ^ J a-*j ... •_« a . » oJLa j *r 0 (n) = r(n) — 1 j 

. (Montmort) c-> j j 

aJ^LawJ (1)1 4 ^Lo A»jJb jlS' JlA3 • « ji ^ ALA Cfct l j-U’i J 

:oi 


a(2 n Pn . lPn ) = a(2 n q n ) = 2 *[p n _ lPn + g n ] = 9.2 2 - 1 (2 w+1 - 1). 


. jdl) . ( \ — ii jilil (Jl A-u*JU J5 <l)LJjl P 2 j Pi (AA) 

oT 0 



^ j j ^ 4 Jj>- Jp ^^jLSJl cU>«J Jw^aiAll JJL>fci]| IJLa Jjb 

^ 1 J-*'' |*-4^^J ( j^ 9 J-*-* .^1^-C-Vl 4-»j-U 4 |*-J-li JiA>* 

4j*J- 1 oLl^l J1 fr^>«JJl ^*>LJJ jJLp tiJIill l) jill ^3 oLs^LjJl *UJLp 
-^Ij^JI *U-Lp <**Ij.3 -LLP 4 LsAjI j_^Jaj jjl lj_A (1)1 J_P . ^^JUil jjJ I JJL>«jJl Jl 

. (M) ui bjj US' u£di ^iju^bu aji ^i j ^jU iis' 

i*bdl JopVi 

|j_A Uiul 1 wL$ 4 jL>ULI A-LpS/1 oL-^LjJI *UJLp d^ I A 

. 4LP- 1jJL>^ ji oLJl Aj-pbU IjJb 4 5j>^^«-saJI AjLpS/I 4 .Avail 

j-p c^^UJJ ^-iUJl 0 ji . Jl JjLdL _ djUM jJl ^IUJI jJ* 

J ( ^A-UJl . <V> J^ ^ Jly~ ^ yL. c A jiil ^Ul AJLpSII 

^ L$1-p JiUil aJ^» 4jaLdt ^jUJI ^j/s « t Jp Ja^AJl <j jjoJl AjIJjj d jjaJl dJJS *L>Lfi 

: y Ul U^ill . Jliil Jp . 

dj_^-j 1 H - 2 + ... + (2 n — 1) ^juJI dlJ U j! <To(2 n ) = 2 n — 1 ^jl*_ 1I dL^ ISI® 
d jiJl ^ (J. Broscius) ^ j^jjj . ^ ( _ 5 -^>IjjJ! ^UJl Jl c-U-J edpli ai la j c «UlJ tajp 
IJU j_j: JjU- ^j-a Jjl c ^^IjlxJLI j-^Uil 4^ ^1 dlSJ . jJLp ^UJl 

! <uJLJl 4 La jjl dU-J lS*** *iJl^d 4 A^hJl ALpS/I 4 fl ival l 

I {j&s\£zj* d^JUl (jl-^ j^\ 4 Uf-jj I^JLp Tl <1) LS" lil 

dj-SUj ills SI 4 LJ j\ (2 P+1 - 1) dL5j 4 n = 2^(2^ - 1) dU> JL>. ^ (^) 

^o(n) = n 

(2 P+1 - 1) d_^j n = 2 P (2 P+1 - 1) dj£i illS SI ia Q (n) = n dtf Jl^ (X) 

.Ujl 

. 3 1 (J j z 1 ! 36 ^ j> U ll (jg ^ . . «*< 4 (Jd^fl Jg j -UJl dl | t I * <d 

JiLiJl J-P Jj* ijLp ^ UajI ii p. i . : .$ ]1 J-il 4lSI t 

Rashed, Ibid. (A^) 

Jl>-jj Ja Jlj— » < <uldl_j UaiUlj 5JL5ljJl ^I-LpSII 4 jp ^ jj-JbLJL) j liilJLJj# !<l)jl^-l Jlij (^*) 

^JUll ujUS' ^Jl JiU- a jdJ (jiJl (j|ydl 4j^Jl J^l . ^1 ^1 j^^l ^l-^P^I d^ ^Ij ^J-P 

.\oV ^ t ( wjL-J-I Ji 

Rashed, ^n/re arithmetique et algebre : Recherches sur Vhistoire des mathema - : jiaJl ( ^ \ ) 

tiques arabes, p. 267. 

Rashed, «Ibn al-Haytham et le p nombres parfaits,» pp. 343-352. (^T ) 



<1)1 JSClJL (Euler) jdj\ L^Lj! ^^ill <u* jJJ im f*j 4 < _^jlJjVI 

J-rfljU LJlL« ciUSj 4 bjlAlj *J J-Alll J 43 J jjJll lLUL) jJr £ jP-\ 4*L> hi J-£-l <w~~J~ jt Jjt£ 
f La>1p ^ ^ oLmn^I a o ^ )>l 6 >xaj • ^IjlpS/I ®j3 - * Lj 

^1j (f H £ * o) ^ jii Jl4 4^-S^I -A-Uj Jl i-ijit <lA> 

fijjb ^ I jj j& jlS oL-^LjJI f-UJLp jl ^[AzS UJLiJj . j JjJlil 

. JjVl ^-Jl obJl ^IapVi 4 5^iJl 

JJj^l ^IjlpSFI y+J 

^t 4 oJlSl 4jL>«Jb# I^IjLp-S/I 4jjJaj ij* <*l*>*Jl jjL^> (j- 4 J 3lJ*pSfl 

oL-^LjJl p-LJLP 63 y& {jA teij^JaJl aJlA 4c_^>otj ^jJj . A^L» f ! 4 

^jlll ilLjJ <J^S- |+JL^Jl jjjl Uli <1*3 L* Ijlfcj . aJlgJ^ A o ^ <> i fU U iJjSfl ^IJLpS/1 

: LksU oliilkll fU* J» Sui iljl JOii ^IjJl 

x = l(morf i) 
x = 0(mod p) 

.l<i<p — lj Jjl iJip p <^~>- 

^j«Jl O Jjjtil j 4 4«JjSll ^IJlpSfl Jb JLP xI) IjLaa* 4 4-^ljjJl flJUfc <J^>- 

: (Wilson) « j j-JLj aia ^-1 

• efi*^** <l)LJUl <l)Ud jJLJI <1 )j£j c7i 1> 1 cJlS" IS! 

. Jjt n ( 0 

(n — 1)! = -l(mod n) (T) 

Ji - ji js\ 4 Jjl ile- JS ,J fjL ^jUil li* oi ...» (j’jl jyt** 4 
jibu yjj* i aJLs jIApS/I ISI 4jU _ JaJt3 Jb-I jJl Vl oJLxj N J . Jjt 

f i ■■ 4 b| ^ ^AJl jl5 A>!j La jjp JLjjj 1 '. 4 A I (J-lIl 4^ jjl 

. a_i jXrfil C\r) 

,, — .tjOJl £j_^f j^SL ^Jl ilxp^l 1^1 j !P0^1I aIjlpSII ^ a J iiiLSai jIjlpVi (*£) 

. ff- 1 = {159, 559, 703} J jSi <. a = 57 JL- ,J Vi. . a J V jU. JS3 <JLi!l 
Rashed, Entre arithmetique et algebre: Recherches sur 1’histoire des mathema- 
tiques arabes, p. 238. 


®rv 



ijliJl <j jlp oIajUaiJI ^Uoiil I JLa L»Ij^ jl>«J j 

. (,v) ij-:!jUL i-^yJU o^Ull jtt. 

{j* j~£ ^jlp ajL^> 1 1 4-^jjjJl oL-^LjJl Aj^Jaill ^ J jJiil oJla Jl 4 LiSs^jj 

lh^ o* °j j-k-’ p-^ Op- 

oLajjILS^ <_$ jJ>-l oL^jU? oL^Ljl?-! {j* 4 jl 4 j**JU *L*JLp jt 

4 4-*~]aJl ^IJlpS/ i ol ji Jls^I ^ p*«j Jl>»il iJlA ^SjJj • LjL-^M c^IkJSH jl Ajjf *** Jl 

*S’jajZ‘ ^JSsJLj oLL Lilli aJ-A . £t]j . . . aJo>> oULllaj ^JjL~*jj 4 4.*L,/all ilJLpS/ Lj 
0 jSS} ol^«l ^jA J Lj JjLJl L ^Jjc* jtS^ L* j**J j* 4^5lnll ( yA <LLa 

. ^^^oL^Loll «JLa 


Roshdi Rashed, «Ibn al-Haytham et le theoreme de j t Y fc Y ^ 1 4— iJ jJUail : ^JaJl (^*0 
Wilson,» Archive for History of Exact Sciences t vol. 22, no. 4 (1980), pp. 305-321. 

.l>4~Ju jljJL^il (<W) 

^AJLi-Jlj i^jOiV! ^UJ-I »UJLJ JL^SlI oJlk-. j_a Gl ^ill (^A) 

JjU j 4 jt ^£Jlj ‘ ej J^* »L1*J j *i . . . 

* 00®^ 0,14 4>i ui'j 



_ vr_ 


t ZL aALlIaMJI CjtJuJbbjJl 
^jLoj ^JjLlu_4^ 


xiij <^xij 

L*< j^Xa Uj>- jj»-sAil <uaIh*!XJI ohjlSCJl j ^jlill i3 ijJLJl Jl>U** i^l 

jl i^jjJiiil J ji? jp a^U^j U-l jjJl oJLa ^JaiJL . <UjaJL <«U>bJl 

^^ill SjujJU Am^LjJI a! ^11 l $«la..t.*> Jki j . J ..radii ^ Ljc<a US' c y »l j ,w. l l oLLfJ! 
AjijJaJ j (^^jlkJI JuLnjJ! j-SjJIj a! ^11 ®Jla (j-^j - j-*JM ci! ^ jjXaJ 

o jSizJ Uiul oIju c j-X-i j-XIj < jS> jJajJl * ij tLfiSUj . Ajj-jil oV^LaII 
jl 4 1 £ipUs0 j UjJLaJI oLa c->U-ji^l ( Jj>4 ^ja cJJb ^jill oVjUJlI 

^Jp 4 Ua j£ JlI . <L*jll$JI o\2. ; la7 oJUJL>- iJUwrfi ^jS> 4jI>-^/1 oN jL£ J*>L>- UaJ 

^jjl aJIa* j! ^ (^jUjLa JLjlj ^JaaI c-JjLail JaiM q£> aJLL* 4 <Jliil 

(>• a^HJ • (Y> jy •Xlii Jp iJ s jPUaJl aS jJ-I jXL: jp 2 y 

A , .,<a 2 ll aJLjLl* Q^J j 4 jjJl 6 -Lj- lj j-aJI j JLL^Jl L^J ^jJLj ^iJl cJ J jJaJl j-SS 


. «L^ ^ill c*>! (_$ _ <rr >^l JL%P j^iSjJI L>j ^ jli Vjiij j*JIp l Ja ( y^ajS\ IJLa ^li (#) 

Roshdi R ashed, «A1-Sijzi et Maimonide: Commentaire mathematique et philo- : j la ;| ( ^ ) 
sophique de la proposition 11-14 des Coniques d’ Apollonius, » Archives Internationales d’histoire 
des sciences, vol. 37, no. 119 (1987), pp. 263-296; traduction anglaise dans: Fundamenta Scientice, 
vol. 8, nos. 3-4 (1987), pp. 241-256. 

Thabit Ibn Qurra, (Euvres d' astronomie , texte etabli et traduit par Regis Morelon (Y) 
(Paris: Les Belles lettres, 1987), pp. 68-82. 
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. dUi Jp (r) lhM\ J^i ^ J^l ^ (X - 1) 

^-»Ul j j-lll ^ (J1 ^ jjJ t <JL>*1I IJla ^ <L^I j 

Jj^l jJl-saaJI . a « z ■ . « .«,! ^.1 1 oL^Ljl ij^L> <J j_va j jLjLijI o^L^«JU 

j*U l-a^-S' c^-jj . ^L«~Sflj oL^Lmw^JLI jJwaJl 
^llll JlsAjaJI ^JIaJJ . ^LaSM jJI j^yJl jiLuJl ^jjb j^Jl e) jjJL>»il 

<J1 c>!^ ^ 4 J ^ ^Jl IJ-j- jAxj U ^ 

clJlJLl! Jl-sajLII I^i j . (Hippocrate de Chios) .Ul ^JaJ Jl a_ 1 j» (Euler) 

Lla ^ j_ii j . ol la «>*ll aJL*^® aJ-Lk^« JL^, t (_5 j-va-iJl oU-LJL 

. j»aa Jl j^JUS ^ UjlSj jiS^S/1 ^v^Ij jJl {j* oljLill eJL* l ^o>kJcj 

^Ujs^Vlj oU-L^I] yM Jl 

_ LJjj>- jJ j _ Lajl£ ^^jJI c a^jl>kj 1I ^L«-S/l j oL>-L~ll u^Lw^>- jUl 

^ja ^JLidl c ^liaijl I Jla JlaJd . I J I ids'll 4 ^nJl pLoJLaJI ^L«jla 1 t a 

^5 J^ lll Ai^^J £4 L>- ^Ijj 4^^L-4-U j>ll ^ jjjJl 4^^-pL^Jl vi^xJ! 

(J >)! *Lil) <yJ L- : JJbU !JL«J SJL5UJI a^I a^»I! 

JlaIJI j5I ^ a—Ij^j t I^L«4 j a*i>*JiI pL^-Vl 4 (Exhaustion) 

.(Jl^JiSfl ^*.1 

J j-pSf I a-^* jJ 4 ^-LJl j jJLil ajI 

V-L-Vl olw>Ljl ,LJLp cJ^p IJLa ^ ^UJl V L£JI 

^5! jlJLial! L>- ISJj 4 ^jjIjuL# 1>JL>-1 lip I J jj£ ^yii\ 3 

l ^ ... a \ aJlo^JI oJla LlxjLj lilj 4 <a *a * q -a j*£\ \ +j?r ^LJl bj-jJ » lib ^ 

: ji-i j~a£j j ■ a la«ll ji».<»S/l jlJLail I L» jtjLl* ^a -- •■ < tljl^^* 

: (6„)„ 2I gbll ia < bj b > Oj a> 0 £* 1 6 j a. ^jij\ JLa4 

,>i( k -g,) 

.' L.jJ 71 > TIq 4 AjLjJau Tlo 

< a . 


Roshdi Rashed, CEuvres mathematiques d’lbn al-Haytham (Paris: [sous presse]). : (T“) 

Euclide, Les Elements , traduit par F. Peyrard (Paris: [s.n.], 1819), pp. 258-259. : Ja>\ (I s 



jlS'j . tiyljJl yly ! y JLy*jS/ <1)1x1 iuydl JJal dJUJlSj 

6 j3 y j 4jJ«M>Lj ^ & AjP*C*>^ 4-J I y*J |%mLP’ y+J ^ A»5CJl 

4 jjjJL^-l <_£l 4 <_$ j-^-Vl ^A-^j! c-.^ iS ' ^^^-4 La-Jj . jUJl c-^LlSU! y a_*^I yu> 

43 yu» J-p Jjb *)ta t idyiaJI yj c jyl£ll ^laSll £^y j t oLk j y>»ilj oIjj ^£ 11 j 

J^ol yJL^jl (1)^ <*iUi c<jl£~ Ay*Vl y» <la>-^U,l eAfcj . If- l-» ^ J l oL-^L^Jl f-l*JjJ 
yJl c LJLnJl j ^JjL-JI <Jul^i]l ^aL>Jkl l j£* <, k2j[jj j£1\j iiAJpj yawl! J j>- ajIiS* y 

.(Exhaustion) Aiyla ^ M 

a ^- y cJ:) (Eutocius) ^ yJ jbj\ dilii'j yJLy^jl yliS* y c^Ux^-1 

4 ^ jjl^JI <jl»> L lk:l yj 1 o^xJl ®Ax 

1^_oJLa1 JL 5j ^ y ~» ^ -\j A-tfMj A^_£ ! iy*-\ Aj^-> ^y^yA yu jlS'j • p-^j J y^tyA 

. dJULxll |t-l-*->j ^1 L>j 1 iALIaSj - A-J^j jj>*ll ^jJaxJLj a^*^L>-j _ a-^ju^JL 

^-orfliJl ( 1 )j-aJ 1 y>° JjVl c-xvajJl ^y t^lJJu ^y AjA^>*_iJLj 4 Aj^AJI oji^^/l 
yLy aJ yLnil aJL** jJl oj-A |».x-> ^1 j . <JL>*il lJ-A ^y a^_»j_*JLj ^jS/I aJL^** ^J l 4 
j*Ut?-V! J CjL>-LwJl 1 JLjJL^ J y>- A^-y-nJlj <A— >t-J! (3^-l^Lf J A^kJ3.mJlI (JL^AS/I 

ijyty jS j2 (1)1 A^j 4 A-Au^\Jl ^ ^yajJl <A«-Llg 4 

^y aJL- jJl oJla ^.1a7 j . lyAi^ yjj ^!>L-<JLI jJLp jllli j jJLll ^y (Gerard de Cremone) 

LvAo co cjl^i 4 • jSIaJI JjVl *j^-\ i^-*y • aJ 1 ^ <J1 ^1 jJl 

. aj jljJl ^ * - - 1 -T j jL^ldil jUx^ yil \ o^JiJLdl ijclLtewil ciJlill 

. o>ly^/l AXj^JaJ j-ALil j*y ^^JallL oyljJl <L>-L~o J* J+t *Jj>- 4 JjVl ^y 

jl: L jJLI <1)15* ! (J y>&*)l\ yA XII <— jl-l^Jl yA A y>i L j o-s ^ 1 j - l o- » - l^ | |t-y^ A-^iA 

La^JLPj AjjL-JAj AJ^^Lyl (1) J.^7 l n 1 .y ^ ® jjljJl ^y jJ ^11 IjJL>«JL4 

i aJIxJI a*m/2x!I I <A 1 * * ** 1 1 Iaa ^_yA ® ylJLll y+A*^hi <_5^aa 

4 o ylAJl ia-^ jJw»l An la aJI JjJa lili ^ o y li j ya A^daJ A>-llJ)) 

A n L aJI (J yla y^a ^^S't o ylJLll aA^> Jal^ ^n.1 4 JLjJLLP La^.-»_> 

<1)j^j ^JUa^j a ylJLll AJaL>-| y^tu illi 4 0 ylAll ia*^ AjcL-aJI <J jJa jA^4 1^1a • ^LLa-xJLi 

. Wollanll AnJaxil J jJa ya yu^\ AP^L^l ^J^-4 


«Banu Miisa,» in: Dictionary of Scientific Biography, 18 vols. (New York: Scribner, : fUA ( o) 

1970 - 1990), vol. 1, pp. 443-446. 

Roshdi Rashed: «A1-Kindi’s Commentary on Archimedes: The Measurement of : j]q il (1) 
the Circle, » Arabic Sciences and Philosophy, vol. 3 (1993), pp. 7 - 53, and «Archimede dans les 
mathematiques arabes,» dans: I. Mueller, ed., Essays around the Mathematical Sciences of the 
Greeks (Apeiron: [n. pb.], 1991). 



yA r) S = r.(c/2) JiL*J S ylJtJl 4 _>-L*«-a d)l JljJLaj ya yj yA yjj 
y*j (S' > S) ‘S’jS^\ jJjlij |I 4 d)U ^1 IIa y . (S y I jJl Aayt Cj 

c C^j(^>c)djc^ Ijjjl ij 5 — r.(c/2) Ol Iy5> yif 4(S" < S) S"j S 

. J1>1 yj ijUiL c JL)L 4 ( (c^ < c) c^j 

4 7T J twJylll (— <*L*mjL| (< 3 y«»»bu^^l 4-4 j j]g 1 l>- {_f*^ y* y»J f JU (^L***Jl |JlA 

p-LJLII Jl ^ jjo iLjJflJl oJla of ! yAy Jlii . l-jL-J-I Ula aL^k y 4y I j 

(jLjUUj (Adjacentes) yJjjUu* m J£! ^ < 6 n d~» (&n)„>i j («n) n >i ■’ 

! JL)I j>miS\ Jp L^m^jIiS' JcJLlb La .) ./atfi . 2r7r ! L^mP ajI^jJI ^>o 

« 7T f _ 7T 

a n = 2nr.szn— , &n = 2 nr.tg— 
n n 

y»* ! ojJl y« SlJcLy 4_>-j^ ^1 Jl (^^jj <1)1 <AjjJaJl aJja (l)liL-L (1)1 I 

® J-a-*J| I -La ^y JyJjJl ya L|» ily 4 jLp <j! Jl Cju yil IJLj- J*^y d)l yiCdl 
. 5 jSU iJULl o-Lil cSyUl JU y c-li> y)1 dlbJ ttLr iiyk 

4 y> JLJL s I (J ytfl ya XII aull <_jL£]| ya Jl A yiLja yP LflJ jiaj 4 Ij JLXl^l LajI La 

oJlJjj |» .».:£■ £UD1 j j-^Jl a j^Jl ^y c j5 ^lt IjJb^La jL-JS' LjjJ oLS" IS) <il J lJj 

Asfjt (. ^Ljall y* *•>31 y» jJaS J j>- |» 1b::a 

(1)1 t 4J& jh yP ^ ^ UajI La^ . ^ ^ * M^ - l l Oj^Jl I«XA 

4juj1 J^Lu a j£S J ajU*-l O-L-ll (1)1 AAjJa]\ aJ^- I jlAy Jj j . LfLp ^y -L^L-S/1 

c a j^Jl y* jh I »47r t 2 (_$1 4 a j^Jl ^y ^ 5 y I Jill cJU^»l 

^yj jl I jjJ\ . «(4/3)7rr 3 ^1 -LyLi-l (*lJLij La jJLj 4. a, *> j-saS^® 

4 a .L o ll oL! jjdl U5 aLail ya +j^r\ I Ala { ja^ yAl oD jjJl ^^uajSl Ij-^—j 

Ajylpl JLaJLa 7T J <—> jiil i^Lm^I Lai \ aJI AjLi^/l jJL^- y* y*J 1 jM bjj\ 

yj y.T 4 . 5.7. - a (jwcifilJ JLjJl^- aJaaj ( yj^Li OyJ JLa ^yl I j j^lplj JLy* jl yp L->Lul 

. (ww»Lj ^y oUlaill Jl y» yjUa*ja yj y-l yl*AaJ 

|JLi . jaLl Ula ^y ijLr JpLJLj 4 ^ jLiJU-j ^y^y* Jj^ £jL»j 

^11 4_mJo3 >.,L>uLI (^JLsAj Jj 4 4jl jta <*»S/ 1 J A J^Al y*JLu?*jl lulls’ ^*jJLj JIaLI 4— Al^o 

.Ula jULI yaJ LJl J-sA» j .jyisai 

ULa y (^jLJLS* 4yi ya yj JLpL-u® yAj (^4 * ^ Cj) A j3 y) C^jLJ (1)15 J 

4 *yl5ll ^Jaill ya Ajdai o-L-i aJL^-I j 0^1 £ \ oVLLa Jl yjl Jp . JujajJl 

.ajLLi iiy^Sfi jyki) iiLJij 4 ji jjjS\ yisai ^ oLij 

jA j 4 Sy y CoIj Lb 4 yil^ll ^lai.H ya odai JbJL>«lt j 4 JjVl aUil y 


oiY 


. 4~jti jJUail ■ Joj\ (V) 



I j t < ( j ■ ■ i pj JLs»-l A i ^y«*i 1 1 4 > nlj«U |i 1 

:jusS/i 0 Ijj CL^jlj A_i jJC4 ^J_P oLj . fr.O. « li aJLa ^3L>s-d (J JUj . <LjLm*P’- d j-JLp- 

jJj . jJ-I IJl* <LJIjl»-_jJj <Lc- j->->>1 JpSII jJ-I ^ j- 4 -ii iiJjJlj 

:iJdl t( >S/l jJ-I _^d aj ^ c-jU 

pJj J5LUI) BC J J-.L51I U jJai ADj c^tSL. ^kS ^ i*ki ABC 

t Gi <A i-Sj^-i (e > 0) 4£ 0 L , : jjlp J^'JhLU jl 1 : ; SL. , .(0 - MT) 

* (j t AD jiajii} D c G n _i c . . . t G 2 

.£ > (5£? n _j . ..E2D\AF\1?2"’D n — \G U — (BAC i>-L**o) 

. cj! « LaII a jla oI>>Lm 1 1 J^-l BAG 4>-L*ll o i j>-\ j ~jcj c^I 



B 


O - \r) f i J J5 CjsJI 

JuM BHMC ~ ot A3jJl aJbJL^ 4-djjJaj a jJ C— jIj ( jja 

^Ja-aJl (jl ^J»P ^iJl Allja j?* lM ^ j S~A • LajI*** ajj^Jlil dA« 1 ./ill oL>-L-J. 
aJLpli <J ^jJl (jj\ jIa J^Lo aj \^\ (j\ o-L- 4 UJl »jil^ll 

{jA *jJL| O-L-^a S' t ]^ll I L# ^ 4j|_Ajj ^y > jJUJ * ^ ^P-lijjlj *jJL| 


<L^>Lj ( <LJt» jJl 4 *i£U t a j>Ujl (. <k> jJflii-) a^ilSsLl J»j ^Jaj 4>>L~a uy ^ lIuLj I jJaJl (A) 

.*\A* SijjJI t (h 





. L yaSLdl j La ^jaj lS h < S' JbjL <1 ) 4 Pj -Ul^- P n 

L y>\ y>- Jp c LiUi <jjj Iu^aj US' 4 flji ^j| La LfiLlg ^yJl ♦’Lf'Vl 4 jLjJs> o^Jjl 

: Jl LLl-»1 i-S = S' jl ja^Ij jl Zy ^1 ^Ijl jlaJLa . AiJlJb- j Jp aaI>- j JpS/I -ii-l 

u 

.(%,j^i^i=^ (i) 

.(S^iJJpS/I Jj.|=§5 ( v ) 

. (Riemann) <1 )Ujj a^L-S/I £ j£iJl iSy <yl 4 £j|^JI <y 

^ i^aj t ^JaaII I«La ^a jyisai ^Jaa)I jJa 3 ol a**LLI aJLLI 

i((Y - \V) ^jj J^JJl Ja. jI) AZ) jlaiaU tx = ^46riG2‘*..G’ n _i 4tx i5y£ Ji*-I J! 2 y ^1 

: ^ Jl f* j^J 


t=i 


Gj-iFj-i 4- GjFj 
2 


S.j ACD <*-L~^a J j-aM j j-£j a t (e > 0) £ JiCJ jl jU y Jl j 

Ia-j O-UlI aJLa 4-*-J j^«J e-Jjlilj 5, <1)1 jLj JI 4 j^-l j~jCjj 4 I . £ {jA 

. >!£> J cr £y>«i)l Ia^JL^ yJi SUsaJU 


c 



(r . ir) ^ J^LjlJi 

y~Jl a;* : Jj US' ^^-aLjJI a*J Jl aUj J-— L jl 



: J£dl Jp S a a.UJ iJXp JSU1I . j/isai ^LUi iJaU. y = /(*) G ( J 

&-£(*, -*,.0 /(,| - l) - t ' /( *‘ > ; 

i= 1 z 

• jl Ujj 

/(x,-,)< ^'-' - ) 2 +/(,l) </(x,) 

z ^ 

Jp (wi5o jl 5 a J c j5^J tUjLc- . X t ] ^ £ AkiiJl JL* / LfjJlJ A*J ^y* 




*5<r — ^ ‘E*-l)/(£t) j *^i-l ^ £* ^ 


> 

/JU . / aJIjlU (Riemann) jUjj J-ISJ ^ 11 cS i5*U( J 

i— ^JaJaJl cjLjjaj f-Ua_p| c 5 jJ ^1 £->y jl 1 j^>4 

(A. P. JL : : 4 ^ eJJ j^l t £j } 11 p-£Jl * >/PZ dx 

<ajj^ ly jj! L>4 4 c-j jJL-Vl Ula JusAjL* : S jJ OuU aaj J* ^ 4 Youschkevitch) 

yj I c— «*i>~l c dJLL y& *>L^ai . LL*t£i]| ^*UJlI j 4 jL ««.‘JI La I j-U 

<>j~£ a*J flkpj jlp j; x n dx J-lSLlI JjS/l a j-JJ j 4 c-> jJL»Vl I JLa Ak-»l 4 !>Ui 4 Z y 
Jl ^Jj^l a^.Uj 4«JJL)Jl^ Jl*J 4 ^.<^11 IJLj- a^LS J*>U- j * Jo* ^ dx <_$! 4n ^bU 
-L-*l jl ^ -U_p (Fermat) L jl La jS JU . aLLlu jS* Jl J-*l£LJl a>*~j 
<y jJL-L 4 (m/n ^ 1 £-) 4 y = x m / n ^yy Jl 4 i!)L-JU jJL* ^LJl j J5J1 

. ^ *U->*JLa <L*JL» 1 a Jj£LLJ C->l<*Ja3 Jl ^y^«Jl jj>«il 4 AjLL# 

^»->«->- JbJL^- Jl JL«-P JLii . jJ-l (JLa JlLp J^/ulII 1-La ^ a Jl ^jjl ^Lg^l ^1 

jyS jJL*j L>iljjJl TjLjJ 4 LsojI La j . (Paraboloide de revolution) <jljj jJl jylSLl 

CjUoj y£- JL>*j 4 I -La JbJb*l) 4 ly ^1 jLil^l . ( j y*^j (j— oLJL ^lH y* 

- Jb jjJl r ->Jl aJji c^JJl - jyisll >aJ I^IjlpIS iJbZ 

<j‘UU: jl j j 4 jlp-I jJL Ijlj DLw« <yuL £ jlp! ^^jliJI I JLa ii»>L>«-«... * 

. AjjL»I4 

4 L^sI>-Lm aj 4j| jia^Vl J j->- aJL<»j 4 1 ® j-j JLaJJuj 

4->»l L5_>-N ^Jl^j 4 aJLjLa aJI a^-jL aJ| j L aj^jLmJlI U j II 


Adolf P. Youschkevitch, «Note sur les determinations infinitesimales chez Thabit : jJiJl (^) 
Ibn Qurra,» Archives intemationales d'histoire des sciences , vol. 17, no. 66 (1964). 

*tn 



{£ ^ Cxvj c 4 -j>xJlJLa V I oUkJil ^i1 

<jL» la 3 4 Lfc JL£ ^jlII <^-LmJlI ( jp> *j_>- <>-L.« ^ 1j— ->-t 4 ^iplJill »JL& jjL^ j 

. : J U 



O - \ r) pJj i jjp^ali 

l^lij i >j 4 jI jk^VI ujIiS' iSji ^ d*>lj 

.aArr 

t j \_ lSCJ l 11> 1 jji ^aLjli^UI c-»L—jt-l Sji ^ C— jIj 

. ft j a j La s* i jl5" lij - ( j^iUt £-iaJL5l 4_>-L — a jf ^*.^j 

i ( j^Jt\j A_laJ ^ oJoi ^1 UJ ^Jb£j . \/flft t 4 >*L -1 ijjl— * 


‘ i jJ C— jli <Le> ui JLS' ^ jjA* d»k _— *1 i jjj SLaII— -V l ^ ^ '-* ^1 

gW.Jl i>-L *4 <j y*l ( ill Kill i_iVl {j* %Ji* 

ililSC* flJL Aj - ibL* iil jia— il {jA tjc>jd ..,4 (jyjJoi ,j-J jj^a>Al 


(J-^j L* c 5 b_- ijJ^ LJ IXfc » J>- \ JJ ^ - U aJ 

. i-jyJl tL»L-^lj^JI ^ ujL -^-1 IJut 



oLa 4 iJlili 6 Jut ^sl— Iia J— CL -dje^'cr- 

* * ^ ♦ 

S jjIjJI O-L— (J^Iaj ^LJUhNl 4>-b— ® (1)1 Jp 6 j3 <jj C— Ij 4j Jju ^JJl 

jjUi v-uaJ bj a ‘n ab (j\ * ^bS/L ^LJIa)/! Ula jjl£ ju»J ;Iji>. U jbi 4-i-aJ 

.^LU^IIJu 

t o ji (jj C-oU £• lb j>J-4 La JL&j jjwaJl <UALl4 olJbJL>dj| ^ 0— *Jl ^Jldj i IJL^Ut 

4 a^S ^1 C-b JLa»- ( j^a j 4 <uL mi “Ci ^j^bj Jp ajLLL>- Jl*a3 

• p~4^ o^J LS*J^h 4 ^b— 

|JL$3 . AJLal^jJI £^ab>Jl1 jj y a-i bJL£ Jiot a j3 CoL* (1)1 Li>l— b la >-V JLil j 

4jl ^JLj . OjaJI Jl aJ^JLII jJfr Aj^I Li* ^9 b»_i J 4 JL^tlib 4 JUj^jI JllP j^-*iAlJl 

cJLJLxS"^/ I lJ-A JjP- £-JlJ (1)1 4— j_*Jl Jl jJbil AjLo-ftil 4— !j jJl 

^1 c— bJ iJUl£di ^w-UJlU cciUi ^ . o jj ^1 oL^Lj ^ILp 4 3Jb>*ll 

J1 jb! oL obwl oL^Jj Jb^-I C- jIj (1)1 t«b-w>- 4 ( j-*»Jubjt £^aLf- aJ j + Ji 

^UJlL L»Jta J-*-* cjyisai 4i— Ij3 b^ bl . Sjjj^aiJIj *-bbcLa 

JL>-1 b->lj aJ^IaIj# oLl ,jb— 1 (. j! j& Jp j^t j_gj 4 4-baL£bJl 

i—uLiJl ^IJLpS/I <L_~J l*J oIJlpIS j tAijP ^LdJjVl Lfj b j y£- £jjb- J Ibj jLipVl 

4 Jb*-I jJL l*Jb 4-Jbdl 


. jb— < jj p-utljj! o j*Ja>%£ 4 LLl— LU Li' 4 bbbu ol^— I a Ja ^jjl ^LsAb J3 j 

aJ! jil 4—> »m> 4 jjbj j 4 L«Lp A—La^ (_£ lujt i£jA+a Jl uub— jIj^JI ^Ilp ^ 

V— Jtjb (1)1 (l)j^ 4 JLjf* 4— rflj.3 ( j«a IjjJaJ 4— lj^ ^LaLo-U bjZj (1)1® 4 4_s^lib| 

bii t ^yail (1 )Ia^> a-lbpl 4 lil 4 Jb jJ j-ji . «*— UtS Lf Jbul Jl UjL>-l 

oLa jj ^ja j— 23 ! biul Lwtj 4 LL(— LjIj U5 4 4j JL^ jr ^^JLp Jl ^b>-l (^JDl aJ^- d)b*^ 

Jj ^>*lJl (1)1 Lftl i^^%3 IajLx |^1a| 4 « »4 i J^" (1)L— yfi (J^i 

.oULAl c-w-LJ JjJ V (^^l) ^bll 


bl>J.lj 4 obLb— 2 n — 1 j>ui ^J—ail jJslJI JJ d)Ll— ^1 4 _aj ^ b 3 j-*J 

£-LsaU 4^Lm— ^Jt Cl2j 4 EOE* ibJbil 4^b— a 4 )l 4 _>-L*«-*j 

<J a n jlS' bl 4 4 j 1 jb- ^1 jut^, .((r - ^r) ^Jj JibUl) \j* (JUj 4 ECOCEf 
\ 4*^15^11 ^biJl ^a a 1 j a j\i>-L-iL «jj-b JJs» li jr; «bb a 


a n aj 



(n = 1, 2, ...) . 


d£A 


. (^j>- jJll) . ^*ry 0 * ) 




\yj[, ^ J;, 


"Vs *Z*J U W, »Vtc ^ « 

tfeisa* 


J^b d-j- ©o 

U^l& ?!\ ‘ 






-b^l 


(Y - lYO^Sj^l 

^lisll Jp J i^»JlI 0-1—4 *y ji *^~j!j ^ p*l 

. (1* 'U^Lj <. i-ii> _^ll i-iSlil iia jJcsji tS^Ujl) 

^jj>Ai ^ha 4>-l— < JU Jjs- OjJaj dlLfc^j <_$* t3jJ ^ C^jU ^ 

Ali p J-* J Ji-^J <1>^-' ^ p*l^l *A~*>- ilji 1-lfjj . l*Al* if.j^ J1 

LLmOJ JLaj ill— il «JlA J>y a} ^ <“^*~‘* | 1 

jJibJl 6 jj&[ j ^ytfllJl j jA 11 ^ i.i*>fcJl cJklS' cjLS^ U3 Ju^-Ij 1 J>j . Jai# 

. oUl j jU jjl jj JbJLt-1 ^JLli^I cJ jJI 


:J ij U ^1^1 J jmjx _*i 

CL On 

- = hrn — = — , 

a n-Kx a' n a\ 

1 CL — CL\ 1 0,2 — GL\ 1 

2 a 2 d} 8 

• a = 3 fll lKj 


o 



(r . \r) jjj j£Ui 

^ ^ a * ll ^jlp jLsajl>-L; jjJl ^aJIjlII Jj^_>*-iJI (JL^^I of 

. Jl 4jjjjJil\ 

^JajjJl cH coL^Lj! ^11 p iUi— I o^L«JU jJriLffjl 0 jill 

t 4jli t jJt)| 6 Jl SjJU t*-i J . 6^ jJLL« Jl^j V cjLwrfVl £• 4lJL * j l j£J L *^sl£il 

. aJL j]p bJb£ t Jl jjjJl ^st^il p^.»>«ll Jl>JL>oJ oUl JJLP 

^LaJjVI L$J oUl jJa^I jbipNl Jyu jf jijjJl)l £^$1^11 4-^1 

^Jl£ SjjL>«jl« J? j jj£ ^jJl>- Jl c L3 jL* dUS LjIj US’ t 5 jJ c-jLJ Li- L»o*j 4 

La L^L>r.»«^t jdjj Jjj| ^yil^il ^Ja.4.11 jJ q jiJ Lo^jwwJL) Lf^lOj^Lf 

j . ojL--jl* L^LpUjjI O^iCjj tJL?~lj^ I* j_> aJIjliII ^1 jupV 1 

U~^* J“* ® ji J* 1$ ♦ A jj jjJl OljJL^Aljl ^JlP jLsAZ>-I Jl t ^ CT^ jjiJl 

Rashed, «Archimcde dans les mathematiques arabes» 

Rashed, (Euvres mathematiques d'Ibn aUHaytham . 


: >1 00 
: >1 (AT) 


00 • 


* -LLP Li' 4-Lt^lJl £p*al>mll 4 JLLm^a 4 ^L*JL-»»1 4 ^ j 

^yap-Vlj c <JLwaiJl J»UJl ^^ajy ^ LJ i-j LJ Jaii ^JL^jl 5JL ^ <JuJb ±Jikj£ j 

oUl jkJi\j ^uil oU j]aJi\ J* (3>JI ^ V^l 4> V^r y Laip 

. f-iJujV i jjj c Ala->*il 



>r -:.■ 

-L' - *:*■•■*« ’ l -' ■ •’ >;»'■•- 

75 /'.**- 1 y - v. r. j ,v. : • .• ' ,.'-■ * , 

1 >* v '.*! *Al' ■ ■ '.'•'■*■ »*■ J , /a< , . ■ *.„», • 

^vlwW, lt». « -u 

w .»,L ... - 

V 3 r l»/Z.*M. ■: ~. * ,-V . , . , / 

.■' ^ 

-*$/■ * * ;, .V’, 

J ,’ V ^-.*1 ,' I 

J v^* •■> 

'i 5 « *"’ i ' *■ — '■ .’■ V . 

..'w 

jgw 

v :. |V'l> «P*\ J.’ , , 7 jyT. > ^ 

y 

Jt> 


(r . 

^il^ll . — >*ll i»-l_< ‘ Ji <_c4-> J*- 1 

.(f Art cLi^, U iLijkit tJ^Ja-,1) 
t — <L— >■ ^jkilLa < J- i> ^ 4*_jll^ll xJaJlJl ^Lj JLp S^i ^jj C— jIj cjb ^1 

. J_yl^ll 4-^>l >-J 4^jj-l Jl^jrt l^JLU j^Jl jjc^aJl ^ oL>Ll«^Ul 

i j^’ (Ji c^f dylj jJa^i 4jjil^ll p ..>11 ^-> 1 - >_ 

j jiJl {j* (jWI lJuoJI ^Ip ^JLJl . ^bjJijl (i^J j . ojlIu 
lI^jU I^LaI^I ^jlll lLUj ^jP <all£- 4 JL.K 1 wLf' ( jp ^LJLSnJI _ j^UJl 

^4 |lj • *-*4^ jl jj^ «— jL-J- 

. -kii (IfOJLii ii> 4Z**j y jiJI 

1*^^" v ~' ' "~ > ~ ^ 1 i— ilj-lll JLlU i jA ^*1 ^ Ap j 

»ylX* 1 4_. o.^l iJjfcj 4 4^u-i jlJl jia^- Jb-I J y>~ *Jfiii)l jljji 

* AO c SjJM Jl i$U\ JS X 4 dx 



(i . \t) 

lejjp * if <^L-* ^ i <jl j^A l y ji ji Oil-- ^->1^1 

. ( 1 1 -W?bj t i-lL> jjl ^LI^ll il> 4 6 

bjj>A\ ^Jai o-l — ** JbJi£ ^fl* ^ Jju lj * fj! '^-jIj -La>- dll-- j> $\ J\ 

{j* UjLfl^-1 J £*■*— * (Jj-Lll jt*i~-li 

• (Jl oJJL* 

0^ ‘ J=4-^' oL^LjJl ^1U 4 ( Otf* 

^Ul j^>«jA-Ij jJLcil OL* j-Ji dii-ifT j i^ljjjJl j*— **>^1 T s ^ > ~ (^ * i * <^») 

t jUJl £jJl IJLa Ou^ 6 jjkj Jill j . C-—J jlJl AaJ>- J y>- ^loJ 01 jj^ o-l-jjj 

^^aju OLflk^-j t^->i-i-l IJLfc -UJL£ Jl ( J^> /JJ c ^JL^. 1 1 1-Lj . JjS/ 1 ^ 4->j 

o- <i>l^ 44JI1L4 JjlpI n J BjiJI £_^»bf : a-jLJ-I 

iujLJ- 1 ^.U ^ ijjL Ij JL>- jZ^i ^jll> ^J*P O^llil a JLp- <y^z£j . 41—* l jjJ «Cw*L^l 


Roshdi Rashcd, «Ibn al-Haythara et la mesurc du paraboloi‘de,» Jour- j t <— i. ) jJuail (AT) 
ho/ / or /A* History of Arabic Science , vol. 5 (1981), pp. 191-262. 
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1 4>c^>c^d ilj^t 71 JjV 5^3 AjI ^y*J>**u Ajtixlll l^La A-s^l>- J 

X>‘ , i = 1,2, ... ; 



(£ . WfJjJSill 


: aJLJI AitLdl 

(!) E[(n+1) 2 -^] < — (n + l)(n + l) 4 < ^ [(n + l) 2 - fc 2 J 


JJulil JLaj U-J ijAjftJ 
2 


k= 1 


fc=0 


aJ^LhII ABC AjJaiJl l)Ijj^ ( j-« JlJjil jVl 

2 m = fl t &n = ( 2 /* ) 0<1<2 TT1 J . BC Ja>- = ky 2 

! <_£ jLJ /i S^Jai-l [0,2>] 

h = ^- = - . 

2 m n 

. jJL :c t j j/* aj^LsoJI oIJIjl^VI ^ 4 H ^ J0ULJI M{ J j 

! gjA*J 

r*i = c — Xi ; (0 < i < 2 m = n) 

'. LjJ Oj^jj 


r { — k(b 2 — 1 /?) = kh 2 (n 2 — i 2 ) 
I n = ^7rfc 2 /i 5 (n 2 - z 2 ) 2 

t=i 

C n = ^7rfc 2 /i 5 (n 2 — i 2 ) 2 ; 


J 



*ci* 4 (1) oLiil 4_ 




/»<^V<C», 


. aWI SI .jk-Vl ^ y* v = nk 2 b 4 .b ^ 

(1)1 I ^Jj 1*5* kiUS < j£> J*JU (1)1 |+ 1. 0 ll ^1 A*J ( J& A A \ jz£ A*J ^yj 

: Jj 11 Uil£b <yl ^L> jtwaj c [ 0 , 6 ] <Jp aJL* 1 y* < 7 ( 2 /) = ky 2 4 JI jJI 

n 

w(p) = Jim ^2nk?h 5 (n 2 — i 2 ) 2 .JlSlI j*>o- 


v(p) = lim y2irk?(b* - 2b 2 yf + y\)h 

n— *00 P— ' 
i=l 

b 

v(p) = IT J k ?(b* - 2b 2 y t + y 4 )dy 


v ( p )=±rrW = ^V 


O' 


O'J 


4 b 


. SJl ^L_^l ^ yh V 

^Ja^xlt o j ^ ^ ll bJj£ OuLJli I Jli-I li_A JULP « ^.ll ^jA c-AAj ^1 

. I? till jlp If-CL-j 4~*ly cJjl^ 4 ajjLUL] 5Luc--il itUJilj 

A-Jb jl^Vl oJLa J ^ _yWl)l <y J A>*-^>l j jl^il ^bt 6 ^ll ©J-A Ll*l JLPxjJ 

^ awpLj obsL^J i^jUll iJ jJlJI aJLma (J a>-I jjJj lyj o*>- 4 b JSLb 

. lyl ^-Ju JUJl£ 

of-Ua_pl Jj 4 LsAjI tlA j . S ^_>fc>- JbJli£ ^ Lf~s> AAjjJaJl |»JL^Jl yjl yJojj 

aJL^j ^y jJL_> ^Jl .(Exhaustion) t^U::.^Vl» iltjiaJ ©l^Vl w 

j ja AZljjb J1 jS/1 jJaiJ . 4i>L^i JL^pI ^y U a->1j o-lj-s^p ysl 

.l*J 4 ^jil 4 V U-I ^ 

^-l>LLa 4 ^Ja.n.4 J j->- a-JIjjJL)1 ^L>«j>-S/ 1 Jb.x>fcil c Il»1j L+5 ^ i. $J! yJ i->-t 

b 1-L&^ . «J^b^M>«ll (jl^j^ j AmJLi yb (J^^j 4 A>j1 jL .*>1 

jjjb - AJblS^I ^«ix«j ajLmI^I i j^ill oiLjJLj j 1 »ala\ 1 L oLj y£> ^ri 

• c r*'jj~^l jJjl! ^y^il JjUJ ^yJl aJIjJU ©JLjIp - (Darboux) 

: ^»l>«it ^y jJio 4 4 S ^Jl c-pLj^1 

n— 1 

L = ^2 ~ X *-l) = D ( /> ff n> TO <) 

i=l 

00 £ 



C„ = ^2 *»i-l ( Xi - *i- 1) = ^(/» ff n> Mi) 

t=l 

i io C->li A>«-w*aJ| jia Jt IP / ( jl»J Mjj ?7lj U t 4 --j j / <1)1 

! US' o-L>*i! aJIjJI /j $ ^iil! ^ 

/(z) = tt (/{ 2 -x 2 ) = Try 2 ; 

mi = in/ /(x) = j/i ; Mi = sup /(x) = t/»_i 

^t-l < X < Xi Xi_i <X<Xi 



(o _ >r) r i J j5L±ii 

• Jju l*~5 ^1 t ^ j>-| 

J n < v < C n , 

. iV < n J^J Oj^j ^rjt 4 0 < £ JXI 4 <jl 

V- I n < £ , C n -v<£ 

: *>Ui LjJ <ut <_$1 *C n Jl ^L-Jl viJUiS ' j v J! / n jt c~Sj U 

* 

v = J f(x)dx. 

o 

K jLjj - j£^ J Ja_j ^JLgJl Isl^Ij t <_£ >1 

. (Cauchy- Riemann) 


ooo 



0- bJj£ Jj*j 4 bli : JU 1 JjLdl Vt ^ -^LjJl IJLa Jp ^>-jii l i j£}j 

(_£j-^il Ja j]a>JJ ^b»l jJl jib Ul ^1 pJL ^1 4 J**l!xlJl IJ La 4 la . ^1 ^U^'b/I «JLa 

^UsTJI USU, V jlsUIL ?<_£ ji»J ol>L^ jl ^t>*^-l Ju Ju£ J— * <^3 tolp 4-LjJaJ 

<j| £fcj>«-sA3 > ^ t . f i l ^1 o1>L>I ^yJbyA SjtJlj 4 ^y> *jA JSwU JjUJl iJlA ^jp i>U-^U 
(-^ U »l^l 4 ^^UJl J 4 ^£j-saJ|j C^^LjJl 4 aJ^« ^3 i, ( j0jJL) 4^-L>- JlbA |I 

j Jaj jl UIp 4 bl . ^)U« (jljjjJl ^*la a 11 ^JUljj! ^_***?*il t y*>’ Vj |t-^>*il 

. LfbP iLjiaJl Jl 1-LfS J l_jLp 

1J- jl 5 _ oU-UlL (JLjcl> U-3 43^Unl US^ . ^JL^Jt ^1 jl jSiAj jl ^Ui USUj 

43 jaLI aJlAj . 4 —j jjb (jjJJl |*-~J>Jsl £• 4JL>j Ia« 4 |*->^l 4—3 J J*-A j >- 1 Jl Ujb 

^>'b/ C^tit AjjJ . 4-— j j£- 4 X^mj _jl 4—3 ^Ja 4Ja>- fc )U oJi— J 4— Jl d. J 4 jjIaII >xl 4 a1—1I 

(Darboux) _^jb £w«Lj£> oLl$J _ \>^>^ j I ^J-La _ LUi Lu>- 4 o^L-S/ US' 4 ^L^Jl 

J-*_£ U 4 UUJI iJLi-l ^ Sjj j-saJL JL >- jj V JLs a i_A Ojlill oU-~jf j-^J • 4_U Lill 
b[ . jjjb ^w«Ul JaaII u->Ub>JU 4-ilS jS> p-JUll ^jjl l$Jl ^^ill 4 — b>L J}\ olj^S/l 

1 - La ( _j3 4jJLil ^b 4 — >-lj jJ-^-l <jl j^P 4 pJL-^Jl ^jjl 4_ijjJa ^Ja t J>-b JjIp JlbA 

r ^L| f Ijl^lJ jlS* bU . ^Ui-l ,JUJ Wilis' ^1 JUo! LLP ^JJI u *JiJ I 

^jjaUJl JU-S/I 4 <J jU^-l t— allaxiV li 4 l ^ J lJ^j)}\ jJUill Jp ^Uj Jjl. 

C— ai jj JL43 . JL^jS/ 1 ^UxlL JLiu ^ jl Jp (Jjb 4 <j)^*Jl jUUJI 

oLJU^dl C.-jw»jj 4 e3 bill pUj c- >Ui-l ^JLp |*JUjj ^^Jl JjI ol^lai>- S^Li ^jp 

. JISLibU ^ U>- ^ . /a 1 

'^3 lLiajj ^^vaL^I J-sAaII Ij-A (wwJUl jji su 4^i>-^L« ^.la" .-■> 4 U-ljjJl aJ-A ^3 
J «✓?>- jJ 4^31^11 p ,*m.>«1I ^jp 4 jL»xj 1 ^ 4|t-L-^Jl qA jl Uilj JLiU . 4 -JjaJI oLU>L jJI 

Ula jl ^-p . (Cavalieri) JUS j (Kepler) jJU£J j j-^-jjil U : ><<; i 2^^* <J^ 

a jU>~ ^3 4 JU 3 <ijAj jb jj ^JL*J Ujjj 4 llA \^kbj^j UjjJl oL^aLjJl J-sAaII 

. Jl UliS 

oLi'^jl 

o-L>-l j o ^5b U jb LaJl^- ^^lll ol>L lt » 11 <_£l oLJ^^JJ ^jjlll Jj^Jb 

b ^.*.11 Jl jil i^s— j>- 4 iit—Jl a JL a 3 jju j . ^jla ...Jl oL>Ua JbJbxll JjUil ^ Jj! 

^^LJl j ^ aJI ^3 jJa^xjl (^JJl 4 (Simplicius) ^ ^ ^Jw« j _ jj^tdl 
. U^-sAP J-J jj^ i~Jf* J} ^1 4(Hippocrate de Chios) ial jAj! Jl . 3*>UJJ 

ool 



c(Eudeme) SLjj-U LdaJL* jia-* »jl «*LyJ» J <y (U> y ^-— JJ j^jj 

J-p ^-JL» ^Dl 4 ^ J a all I j-A_j . 43 jbj JplyiJ ^jLij Jp- ^al ajail I-La \Sf * »«jl 
c_3_j yell JL^>- jJI jJLnaLI yA 4 Lla L 4JJ jiaJL> yJ 4 4 - ^ a > J^L^^a 3JLP JU- JS 

aJ c> ^JJl jlL>\l Jp Ua»1 Jju j-a j c LJL yVl oL-^UjJl y aJL-JlI oJLa ^jjbJ 

. 3 J\ji\ JL* ^y 4 aJLaS/I y 

£j-s<3 jil JJ Ijl J-^4 pJL^Jl yl ij-RJ 4 Jj ji A-^^I ^-1 C-^jLij L*J JLajj 

. J-*-» Ly olUL ^->y-ll li-A J^4 y ^ yj 6 jJIjlJI ^jjij jJUij L*y Vjl 4 4iy- 

JI l $ ■* Jl>-I j 4— Jy ojt djL>fcjI iftli y <JLJLi-1 y ^il I -La y I ^>- y .- ^ j 

^JLu 4 jl*j L*y .<IaS!I \»*sata* \t>u ^j^ij . syljJl y *£>«-> j-*j 1 0'S/ 1 

jJLp ^LmJI y yJl y« oL*s>Lj a-LaJp JI ^ulli Jp J»aj>iJ 4 Jj J->- ya ^y^J\ 

4 3 4 JUII oJLj- U<5> y^as^j 4 r \ f H yl JL-pL Ju$J-I ali JLaJ j . i!>LdJ 

. IIa y aiat$-»l y a!> jl*3 ^l£s»-l jlJU^I (JI 4AJ y-S*- y 4 (jo- jjil 

. JflljijS/ c-> ^~J il yl! I y pJLfll yl J*>Llaj| ^y>-J (J^ J^ 

kJpI yjl)) LLL-'yi UJL^ a*LL 4JLII JlUl CJ ^Jaj li (jl® ! La AjIiSo IJLj (JjVl AlJLx j 

0 ^JlJI j ^- I JLoJJ ^jUll J*^Jl JiLlJl ^y 4ju_*J 4 jl,LLS' ^tal j (^ ydl) 

CjU^JI { j&\ y>- y o ^$0 jl (J-p dUS (jlJL>- <--5 ^ Jj <^^>fcPj y j JLiiil 

<^y>- (j ^J^-jJl JL^LtSlI y Ij-sAL^ V y chilli jUll y LfJ yyu La j 

idUS JI oUl .° 6) «Jy3l y J }± L Vj J Jlj — Jl J 

J-sA4j L^ J-<-* * |» tlr^ JL^-pI ^y J^lyjl ^jLij 

AjUj-VI LJ yJ I JpU jJl jJ L U-> V ?OyJl JI f-^y* ^ j i a^ jl KfrLjyDj 

^ ^1 ^1 Ji L-J Jp Jjj C^\l ^ L^J . 01) JI>JI I.U Jp ^J.1 ^Jl 

. JU1I IJu 


Sir Thomas Little Heath, A History of Greek Mathematics, 2 vols. (Oxford: (M) 
Clarendon Press, 1921), reprinted (Oxford: Clarendon Press, 1960-1965), vol. 1, pp. 183-200. 
Oskar Becker, : SJliVl Jt (Simplicius) y y^ JJLj \^M (O. Becker) JJ ^li 

Grundlagen der Mathematik in Geschichtlicher Entwicklung (Freiburg: K. Alber, 1964). 

Oskar Becker, «Zur Textgestaltung des Eudemischen Berichts iiber die : I Jx J j ^ ■> 

Quadratur der Mondchen durch Hippokrates von Chios, » Quellen und Studien zur Geschichte der 
Mathematik, Bd. 3 (1936), pp. 400-419. 

J| 4~LL j ,jaJI I -La J-iP pJ . *iJ^LfJl y* p *• 4 l l ,jji ajLu^j ^ j^a-all (^o) 

t iJlj ilL-j y 4 Li to-Vj . Rashed, CEuvres mathematiques d'lbn al-Haytham : y j-U x~*> j 

. 8 JJaj iJ^L^Jl y I C^aJliB : Jj L*^ Jj^l 4-sOj yl _^*Li 

Sj^> (^1 (j-J jJl yjdL) JAj V 4J-X) Mf'L-J-aJl® y JjVl y ^ yl (\*0 



l U 4 j^JL>/ ^Jl ^3 4 |«JL^Jl ^jl <Ajjl» 3 jJ4J 

^ Slja.ail o ^IJLJI olpUa3 olp *ii ^ <J^Lwj < j> 

• o^jlw^ll (JLa j^m^j i.^Lp'l.ilfl <? ll AkLft 4 aJL-AI 

O-L-u# (J-P J j-sA>JU 4 LjJU l$>- ji> jl <JJ 1^13 Ls^l aJLp ^yJlj t Ljii>-Jb 

* Aiil^o 

S 4 a »/ 2 j ^ja Oj Y j \ LUlHI ^ < j,jla;> 4 4 . .,<? «ill JjSlI jJl ^ 

. e jjljJl BC jl -A.B jL-jiJl 1>JL4 ^j^JLiJl Z /2 j B\ lABC 

\ 4 JI 1 I! c^Jj j i 0 jjIjJ! Ja-^ ^oJLx cUIju ^ j-iil jl ( jj> y-^j 

L 1 +±C(ABO=\tr(ABC) 

L 2 =\tr{A BC)+±C(ABC) 

Li +\tr(ABC) = L 3 +\c{ABC) 

Z o 



(t . \r) ( j J jsJJi 

tr(ABC) j C(ABC) _ rr U iL 3 = 2L 3 ou o j£Lj Li J -uUL. J^U L 3 

.ABC ABC i JljJl ^l~. Jl i_-i jdb 


^ j^.imI 1 « .■■ La jSi jAj) LLa* (_5_L^-N l«.« «7 ^JLJ (JjSlI jl jA * ^ /k* 

^ ^ij jjSii *ju ji ^ r wLiii La x^i; . ^ yLii ji* 1 / jx-stfv ^ 

.A i : .iAill (aJLJI <iJL ^ j ^ij u jSIjJI J_^>- azILu 


oeA 



UjAj] A>*d <1 )LAjJ a]?L***j p-L^Jl ^jjl b aJLoII aIa £jA AjJliJl 4«.,^sll ^ 

*: Li + Z /2 = £r(v4i?(7) I <1)1 ABC S j5lH b iya> bi? ol^L* ^1 ^ i\*a\ 1>-La 


. <jbf-L£jU ^J*)La <Ld Ju l AajI jJ! A-dtdll j 

jLS' jjLJLil jV^LfJl <. LA Jijl 11 fijufc j^JL^-IjJI L 2 j Li <1)1 jSj J 


.J5GCj AEB j ABC 


/*dl ^ijjJl 


aUiSf 


iljJajl 


j Jail ^3 LjiLsi_j aJLa ^ li ^L**^ c Id t la > 

o-l . J^ oJL^j jddl ^jJL| Jl 3L.-:)L JLL1 ^ dJli* j . (jF dJl 

S yljJt A>-L~>a (w*-^Lj J b^^JtJl Jd jAjl US’ L»lC b pJL^Jl jjji (1)1 


<W) 5 J SljJl 


l*JLSJl bill*!) Aial jil aJ^L^JI JJ b(j\iJl^*l ^ * <y jj^Lba *~*j?*J c jld l ^j- 4 £•* 

* 1a <jLa b JuLaj aJ ^ -.»-^ ji^l |» ■■■*» L)1 dr^ * cj^ddl 

^SUl Jp ^JuJj . ^JLll Jd ^JLI AJL^k £• AiiLjl 4 jLU J^aj (JJaJ 'y aJ j .»JLli 

^ j± L fi\ otJ^Jl J y>- ^Ldl ^ Cr^i ^ j5ldl {j* dL- j ^ ^-$il <1)1 

gy* *yrj <j?* £tjj-*aJl t j g r^ ls* Cy^i ^1 <J"f dd j ^a Ld) aJL* jJI ad 

oIa ^1 aj^II 11a f-Lo oL^d - aaIj'AI j^p a^mjJI a 1 a ) j <_£l _ 5 jjIjJJ *^al^» 

(NA>- 


<Jp jJLfJl jjI IfJ J-sa 4 (di • m> vdl dL- j ^ J-*ju ( w» jJl lift JjbJ Ji j 
( j^« aLaS/I ^jJ^J aJLmw« (JjLiIj j ! AJLdJjl (J Jb LJzjI Al^J b aJj o .t ^Jll# 

L,aI cJj^j b oUtll |*Ap (Jl^ b ajI J-J l Iwa Jb jl>- 

jJ jl aJo-^Ijj b Jbo La-jJ AJJlII L^Jl (-3 j -K-l.l l pJb id J_w*» A-JLlib aJIjl) ^>1 ^>- 

. (Euler) 

aIaS/ 1 «jj> d- L m, * (1)L a^-I ^ ll <-b j*-i aj b aJLm«< jJl 0 jla ajIju 

b La jjJb b LjjJjH* ^./aZal olsJLjL* j jj\ jl r^A oLpHj ^3jI ji j c->L«JL>-I j^pJJLmu 

pljJL^^jC £»jl <JJ*L»jIj 1 Ju * *..Jl IJLfJ J , Adlwwt tlb L«JaJ djJj Ulj^Jl dJ aJjIJL* 

Heinrich Suter, «Die Kreisquadratur des Ibn al- : j-laJl . yll) «S ^JlJiJl jl ( W) 

Haitam,» Zeitschrift fur Mathematik und Physik, Historisch-litterarische Abteilung, Bd. 44 (1899), 
pp. 33-47. 

Roshdi Rashed, «L’ Analyse et la synthese selon Ibn al-Haytham,» dans: Roshdi : ^1 ( ^ A) 
Rashed, ed., Mathematiques et philosophic de Vantiquite a Page classique (Paris: Editions du 
CNRS, 1991), pp. 131-162. 

: d ■ •*? J*j c-jt b ^ <1L> j> Jl jixJl <1L^ jjl »JL a ( ^ \) 

Rashed, CEuvres mathematiques d'Ibn al-Haytham . 


oo\ 



v ,c - 


^ i JjS/l ^ B <ij\ji\ ^5li iABC ilitJLl SJtfU 

! ill jJl (^1 ^ jxj C-ol> i^jjjJl ^ 1 aLujiII (jl cJjU oljJLfX ^A j 


/(*) = : 


0 < X < 7T 


0) 


. ^liil ^ 4 >.t,11 aJLa ijLiS” 

sin 2 C 2 sin 2 A ^ ^ 7T . 7r . ,^ 1 . 4 

.— ^ <-< — t tO<C , <-<^<- dtf W . \ 

-rr 4 " /I O *• 


sin 


C sin 2 A 2 


= — o^i t C = = ~ JU- ^ <ct 


m-B^Bi ^ . Y 


sin 2 C sin 2 Bj tc n ....... 

< — - — Oj£j tC < — < Bi < — jtf bb 


C ' B x 

sin 2 A ^ sin 2 B\ 
~A < ~Bi 


^jSi ‘A<- . r 


B 



D 



lil 4JI . LalJ j^S> 4-^ljjJl ^ j *iA > — iJU-l pJU$Jl jjl Jb^J IbA . t 

! 1 g • a Bo ^ls-4 4 v4 C^ILlpI 


B\ > B 0 


sin 2 i > sin 2 B\ 


A Bi 

\ g li ^y\ Jj i.^asLJl 4**»1 _^*aJ1 aAa ol _^«»bj j 

sin 2 ^4 sm 2 Bi 
A = B x 

<JL*Jjb Jj 4 ollltil |^Aaj y ij L ~~» l^Js u ji 4 obJL^-tlJl oJLa l)1 

4 aJI Uj-Al (^jUl { jJLAlm )l l C^NLA-1 JL*>-^J C-^>-Ij1j ill— ll ftj-A yA 

<JLJj***t 6 jAa_) (jVl jU ^ ydJ <JL>li 4UI ^ J i^uL^jal Jj> 4 4 jL jJaJl 6 j-jA 

. obll pJLfll ilL-j LUaS 



i 1 ft ^ - \ *1 (J| A . l Liu (jLftj 

Ou O j&J . it-Liju BCG j AEB j ABC cJLT Jl y>S\ J* 

\ i 4JLI4II ^!l Jjdl j5l O 2 J 

Z40C = Z^OjB = ZfiOjC = 2a , ZAOB = 2/3 , ZBOC = 2/3' 

.p + f¥ = a J 0</3 1 £ 



(v . \r) f i J js^i 

SJLLl ciil tjL^VL JLi-ti .{a, ft) -1 L 2 (a,/ 3 ) ^ L, JS*JI iJL^j 

: 4JUI LUaiil iJli il IjjJ d j£-i i a — 

iLj + L 2 = tr(ABC) LjJ djSi i0 + P=^g (A/3') ^ Lf - \ 

iJU-l «Jut Jj < 1 L 1 + L 2 = tr(ABC) L,jJ djSi >.0 = 0' = 7 <JU-I ,> - Y 
- " “ 4 

a 2 

■ f JjLaJl c- = y L>jJ 

t Li = ^<r(,4£C) - C(JV) LjJ /3 < A aJU-I ^ 

2 

L 2 = itr(^BC) + C(A0 J 

JL 


. — < r .ftJL> (iV) 5 j5l jJl 

r' 

«Ju> ^ . Lj = itr(^BC) - ^-C(ABC) L,jJ ^ i/3 = J iJU-l ^ . r 

* Z D * 

■0 = 1 ^ 

«*n 


|CN 



i)LU J, <L 2 = i tr(ABC) + C(ABC) LaJ <■& = \ <JU-I J 
“ 2 24 3 


wOJl Ia UV tU-j ‘ \ VJ 4ljbl y. ^ ^.1 jl tL* Jl 

^ ^ ^ SJLSL5JI aJ^j c-Jtfj . iSjLj^S/I oLjl+*J! Ji <aJUI 

! 4 AC 2 jjljJl iV J M (jclailll 

/ABC = IBMC = LANC = tt - a 

‘MQ//OC J NP//OA Oj£j BC J*Q ikiij AB Jp P ik* 

. iiLJl LUu]| ^ US’ ABC oJill tf^UaJl 4 %^ 4 ^Sor o~~J ^3 lull Ulili 



(A - \T) pij JSLiJI 

(2)j (tf) ^1 Jjb- 1 /? + ? < | ^ {fi,P) aJU J^J »U£*j 

L X + L 2 + (10 = £>USt1 (OPBQ) 

Li + Z = *r(OPB) 

! 2JI1JI oVl^-l JLaj U«J f jJLj 

t Oji^J 4 P = {3* jlS' ISI — 

(Z)=i/C , L x =I 2 , L 2 + (Z) = tr (OQB) = tr (OPS) ; 

OTY 


sL 2 + ( K ) - (Z) = tr(OQB)j t (Z) < (K) ISI - 


:> c/y>| jl? lij_ 

tla < tr(OQB) j iL 2 + {K)- (Z) = tr(OQB) j <.(Z) < ( K ) 


<.L 2 = tr(OQB)j i (Z) = (K) 


‘■J* 


. L 2 > tr(OQB)j lL 2 = tr(OQB) + (Z) - (K) j t (Z)> ( K ) 


\ aJU! LUu!l ^ * 4li*L ^5bJl oAa ^.*^ 1 1 ^1 jjj 


‘| = Y J ^ = <3, = v ‘“ = i^ li! - 1 

Li — L 2 = ^tr(ABC) - ~C(ABC) 


v. - i, . . ‘ . a 4 a 4 7r _ 7r 7r . . . ... 

N^U-I.-La^ 4 - = -j c- = p 4/J =-j ^ = ca = -ol^bl . 0 

$ (AJ5C7) 5 ^IjJI I i j~£ AjjUaJi a ^)jkJl 

CK 11 11 7T 7T 7T 7T 

‘ a= 3 + 8 ^ ,i i- n 
. (.ABC) ; yiJi ^ iSjikJi ; \j\ji\ j 


J* A*S jll ^jjl tY\ A,* JaA l l L LLsAaJI 

JM$J| A^p\J>- Y \ <*yp ll (j- 4 J olili-a { jJ» C-»L«JaJj aJLaI 

(Translation) J ^ ^ a^U-I aju . tjdbUi* ^ yb J! «b - y li-iM 

♦ (Y J y- aJUj y jA i+**y <~p\±- y>j yj 

LLjJo c IL cbl t aJLaS/ 1 ifJULj tiJliJI ^JL^J! ^1 aJL^j y 

U U-jJ uil tollLdl j_>J aJL-11 JJ^j <, (Euler) jA j\ Jl jl*j U.J :>jJL 

. ( \ ) aJIjJI ab£ l^JUxJo 


Roshdi Hashed, «La Philosophic des mathematiques d’Ibn al-Haytham: V Analyse : Jo ! I (T * ) 
et la synthese,» Melanges de Vinstitut dominicain d‘ etudes orientates, vol. 29 (1991), pp. 31-230. 



oUa*?«ll aJL~o 

c y^A y ^Jaxil JapJJ olS oliUalll yj y 4 ^ yljJl y* yJJ jL J yJl jl 
4 ^S^/I 4 *Laa)I y L$iy LjU -1 oIS oU-w^>JlI yj y 4 o j£ JL 3 jLj 4 ^^S/l 

l^UJ <lLil eJu 4io*j jl . ^^lil cJjbc* y 4^ Y '^S y-tlil 4 jJLj 

JlSLAl Jy S:> yill <dL - j y (iJJS j 4 jU jJl *lkp| ciUJlS' j 4 (Zenodore) jj*yij Jl 

<1 4j^l! pJLiu jLcS US' w»Lj v L-S(j t ySj . <YY) i»jLJll olkpll oli 

^y $jy « <a^^LjJ! 4 tJ-LLaJlj 4 oU>LJI f-UIp ^UlaI S^lij yp iJL^Al oJla i_a 3 yl 

4 * YT ^(Heron d’Alexandrie) j j->-\ »l y-> y* 4 <JL>JJ Iju* 


Simplicius of Cilicia, Simplicii in Aristotelis de Casio : ^JaJi 4 ^ j ; .- : L«, ^ S^Lf-i i (TO 
Commentaria, edited by I. L. Heiberg, Commentaria in Aristotelem Graeca; vol. VII (Berolini: G. 
Reimer, 1894), VII, 4/2, lines 12-17: 

1 J J»j y LauI L»j1j 4 ilA j~a < 4.<^aS > ^JL>». 1 ...»I tfiJl jja— *jl J*J Jtali jj-J 4 jl* jJl C-JT* 

JS\/I t oLkj^il ijjL-i* JlSLiVl y> jl Jp i jji JJ y _ irXaTvrepou _ ^LyaiJ ysl LLjajj 
tOJLw jSS US yajJl ULa JAj . *S j^JI yb iiA« ...>«ll yjj tSyljJl yb <L y . JL1 Jl^-iS/l yj IpL-JI 
W. Schmidt, «Zur Geschichte der Isoperimetrie,» Bibliotheca Mathematica , vol. 2 (1901), pp. : y 
5 -8, 

you Jj ^ jj-iJt y*- jy» oLlil OjJ y* yb Oi.w j 4 J-J CJ y’ JLi L-~<L^S/ 1 LLjudl jl Jp 

J-J»l y Joaj Jyj all jl (Jl (J. Mogenet) y*^ y . ^ • j^dl «JU c— . y y •-J: o.., * 

^Ip Sly 0 yj oJUJLP Jp JjLl-o jl Jl J 4 ilAk. : >«ll ilL* y . TTXoeTVTpUJl/ - Je» 

J. Mogenet, «Les Isoperimetres chez les grecs,» : ^i«Jl . Uj-^- JJ j yJl y U> oL-^LjJl 

Scrinium lovaniense, melanges historiques (Louvain), 4 emc serie, vol. 24 (1961), pp. 69-78. 

Pappus : <iiy y . ^ JJj y ApJ -Uj : o-jUl y p-Jl ^ ^y>~ 

d’Alexandrie, Commentaires de Pappus et Theon d’Alexandrie sur VAlmageste, Vatican, Biblioteca 
Vaticana, Studie testi; 54, 72 (Rome: Biblioteca Apostolica Vaticana, 1936), pp. 354 et sqq. 

U j~fa.fr J-j (jllll jyJl yj oL*j 4 1 Jla yiJl ^jlp jLia-VI (A. Rome) . 1 JL>-L 
(Schmidt) oJL^jj (Cantor) j yjlS' JjLi ^ jj! Jl Jjl IJLa Lla ^ y — ; V . 6 jL»u ciJliJl j yJlj 
y il» cyL 4 (Diodes) c-djLJt 4 1 (Mogenet) l J-^ry k j 

^ J-jJl IJla y llJi jl jJr . Jl-ll oJla y JbJts^ yaip- Jp J j-^i-l ^UipMI Jl 4 O^P 

Pappus d’Alexandrie, Ibid., livre 2, et Theon d’Alexandrie, : jJa-Jl 4 jjijJ^j yJ J j_>- . J ^ 4 
Commentaire de Theon d'Alexandrie sur le premier livre de la composition mathematique de 
Ptolemee, traduction fran$aise par N. Halma (Paris: [s. n.], 1821). 

Schmidt, «Zur Geschichte der Isoperimetrie». : Jail (TT) 



t (Theon d’Alexandrie) I <j j-J j 4 (Y a) (Pappus) ^ jjLj <. (T * ^ 


Lkj I 


<J y>- 41>-J jJbl JjJjilJj ^la.n>ill ^43 . 0 J U* tlA (1)1 j ) p JU LiSkJ 

j-S'Jb 4 j j-SCJl oLUj L5 XliJl oJLp ^ A_^AS|I 4->Lp ^ As>- J ^ J 4 0 j-£Jl A-jJji’ 
Ajallxll 4(1)1 LoJ® ! J J-AJJ 4 <3 JjJU* L^l ^J»P 4 jSjLwmJ1 4j>c*hJ| »^».l.la) 

4 4»> jJLmII 4 ^Sl £^Ls^I L$J ^^A Jl>*J 4 Ja-P-dl AjjL-JL® J 

J->- j-^3 (1) L«l . *« j £. Jl 4 oL*-**>*il (j^°J 4 j-5^1 cT^ ® ^5ljUl Oj^j 

<JLJl! j 4 lL*.-.>- 4 ^k^.^11 l j^» (J jS f! 4—>ti^Jl jJ-p aJLL*J ^3 jj^j-^dj v — ^L lS" 

J y>- 4jJL-ij ^3 jjijJbj L)Lajj {jA iS ^i*-La 4 0 j v 3l . < 4-AjjJaj aJL-AI ^A ^ . 1 ! J^JL 


^LJI l) jJLU o ^JL*Jl JLi> 


J!^ 


(tvy 


IjjL-uII 


. 4*j jjdl ci} (1) y-i LiJJ.iS^ ^BL>m > JJ Jl2j 4 

La UlAj . <Lu jjJL ill^Jkl aJLa ^JIp {j* <Jjf 4-^ jJLj (^JUl 4 Lla 

JUoj 4 IJL^^-5 . (J^-U j-otj yyj>y ^Lu 4 jfl W ll 4 P LLsaJI ^^3 4-flJj-4 ^3 d jS -L> 




j5^S/l ^ Ljlif ^ Li'# ! oLj j£M i js> <Az£ ^ L ^*- jJi <uL Ja^-L 6 jZ* 

£yj> IJL^j ^jS Ji ^JLSDI j! Uj ti4^ 4^^LJJ ^UJI bj*l\ J (r,) ^JuJl ^1 J& 
. A^iia^JLI (Jl^JtfSfl |t>i3pt a jjlJlilj jt-iapl ^A a j^ll L)1 j^p 5JL-jj 

JJUJLS' . JLS'b JbJL li* ^ 4 o j cJlj L® aJLa (_5-u5Ul oLli5 

<jljU!l ^ j+a L</i a « ^ liUa 4 4 jLa1^^ < x » p jl 0 j<uip ^ ^3 aJLm«1I o>1a 4i..i»>fc»J 1 Lh^jT 


Claudius Ptolemaeus: La Composition mathematique, traduction frangaise par : jJ^I (TO 
N. Halma (Paris: J. Hermann, 1813), pp. 9-10, et Ptolemy, Ptolemy's Almagest, translated and 
annotated by G. J. Toomer (New York: Springer-Verlag, 1984), pp. 9-10. 

Pappus d’Alexandrie, Commentaires de Pappus et Theon d'Alexandrie sur : Ja!\ (To) 

I'AImageste, livre 5, pp. 239 et sqq. 

Ptolemaeus, La Composition mathematique, p. 10. : Jx > I (TT) 

j J lJ 4_Ia jJo_P 1 3^JU ^-wLlJl j jJaJ I <j|JU i ^L>*J>JL1 O^* j_lJl L jJ c I jju LlJl Jl>kJLl) 

a.UJ.1 i»JUll JLSLiSlI ^ d\ U-|» :.Ll^ U i J i . OUijjJI (lA* i (Leiden) 

^ ; jin \j jLsCiSri ^ jjkf-Si! ^ .j, iaJi a ^ cUj^ii ^ jSH\ ijuji 4 J ji\ ^ 

. « . . . i^>Ji jis^tSfi ^ ^Sd 

Theon d’Alexandrie, Commentaire de Theon d’Alexandrie sur le premier livre de : jJoJl (TV) 
la composition mathematique de Ptolemee, p. 33. 

uLi^j j. jl : 0 jli . ^*0 ^ iijjJlj "^A *'_ J or cibj^l 4 ! AT* l Li y^> LjI 4 1 ii»j-lajt(TA) 

j) -L?4 JL ^l l <1# 4 la w ll 4 aL^JI ^a ^Ii^ 4^JLi^Jl #1 v_j_^aaj 

. O ((\4AV h^jLiJI 

.ij^\ J J L^jl UfT» :^x5ai J^L (T^) 
Muhammad Ibn Ishaq Ibn al-Nadim, Kitab al-Fihrist, mit Anmerkungen : ^1 (f*) 


0*\0 



<jLil <JjAy>r I jb J j\j . ijM JLkJ J jS/l l-jLSHJ 4 oL-^LjJl ^llp j cJ ^JUJl 
<jjUL| (j jJill Ja^ljl ^ oL-^LjJl ^11p a**1j^ hJj oJu*?j 

. l)j^ 3I <_jA 1*5 t ajLLL>- oU clUJiS ' j <l)jliM A^jV <1)1 jJlj 

J JJ 4 oLl^f C £-~Jb 4 6 cT - J;-^^ J ji J-* Lb JL£ aJlA AjU5 

Ail Nl l <1 )j-0 J^j- 4 ^ JJ^bj £tjllb ^ j-*-* (J-*' blj Oj^l <1)1 LaJL>-j 

• j^k <- 0^1 ^y * ^ ^ J> 4 aJIa^j Ab^Ja ^jI <iJLli 

^jL-jdl ci-Jill 4_>-L^a < 1)1 oLiV jjUJU (_^jS/l oLjJu^jJI c^sa-s < a_>- 

Aj-L^*-J1 ^ . AaaP aJ Lj^ !-*■** 1 1 4 M « 1 « A A^~ Lw>4 ^j-51 I 

Ja-^JLl (^S aj^I a?-L~<»j ^ JjUjj loL-jJJj oIj jl y* J,! a-moLJI 

^-51 ^ ja"*Al <b*-L ~a <1)1 i jA j*jj i^^LaiL-l JjU injL-Jl AjJL^ajJI ^ j->-L j . A~uij 

. <C*£' Ja-^Jll a! ^ \a~'.a j£> A>-L~« ^ 

IJLj . jJaJl <3jl-Ul A_la_>-t>L4 ~b V 4 j_bJj Ajjlill JLLPj 

^l jdU c ai*p Ja .>dl^ jP* ?La aJic-li l-a. ^ J ^J, l L# <i«.lt * ajjLl^j 

4 <1)IiijLjla oIjjipIj Ia ^.1 j < ^jL~J 1 <!)[)) i aJLlII !j 

•X^"I la » 1 <» ^ < A 4 ^|«Lmww* -3 ^ 1 «.»«. l l L < .<^.^4 ^ j*S\ 

4 cjIj^LaJI 4^^Ls^S/ 1 <jt ^i Lla fltJbUa j>«H J® ^1 

<^1 Islp-^Lj Vl ^jijkJlil fj^J ^4j>«-*>w5 aJlA jjbjltj £ <l)f ^ . AjjL-JU 
?AjJi>Jl 1 AlfljjU <l)jlil*l jL^-1 ^ tkU IJLa J^j . iJlA filial- j jJ jl ^ jjL {jA 

^ UJUs> ri2 J Til 1 P 2 J -^1 <1)15 1SI : 4j 1 <l)jli-l (j-Aj^J (j-^J 

. JF 2 A>- L»~><a l ~ ‘ ww ^ 0 i3l 3 4 Al«P i1a*i>« 11 4 Tlj ^ ^ (^l^^ll 

4 Ab^P Jxj>«ll ^lalb* S ^jljJ <1)15 1SI ! 0 jSljdJ (£ j-^ail! A^alii-l Q*j?i *^1^ Sjj 

hrsg. von Gustav Flugel; nach dessen Tode von Johannes Roediger und August Mueller, 2 vols. 
(Leipzig: F.C.W. Vogel, 1871-1872); traduction anglaise par: Bayard Dodge, ed. and tr.. The 
Fihrist of al-Nadlm: A Tenth - Century Survey of Muslim Culture , Columbia Records of 
Civilization, Sources and Studies; no. 83, 2 vols. (New York: Columbia University Press, 1970), 
p. 316. 

R. Lorch, «Abu Ja‘far al Khazin on Isoperimetry, » Zeitschrift fur Geschichte : j..A a — 1 ! (T* ^ ) 
der Arabisch - Islamischen Wissenschaften (1986), pp. 150-229. 

tllatsL-l IJL 4 J Jju UJ j y-j } 11 jl (Pappus) ^ j\ (Theon) j ^ <- 11 . Vl M>- JLajJI (fX) 

= Julian Lowell Coolidge, A History of : j la Jl . (Coolidge) ^jJ jS ^ j— - aJL-^JLj ^ ^ JUl 



. ^LsaII <L>-L ~j» jS I s jSIjlII o-Lw® j ^5\J dJli Sj 

* tf * »■ 

C->1 * Li? 1,1 4jjliw l-L-i - S ! ^tlll p.Jfl.'«J jjliL*| 4JUj]e» jl 4 lil 4 (_£ ji 

-Laj 1 ■ fr .-J jjLLj - T ijj* iilji ^JLP LfJ ^ylJlj 4l*P la* >J>1 oli L^JalJlil 

> t " >* * 
jjlii-| <S" jlJLil 4 <JLjJaJ! e-i-A . 4j|^ Ja*>dl L^J 4 o jjlJb Ja-it L*JalLa 1 n L.i? 4 

. 5 J>\$ 4 ^ j^-Sfl <y*j L ^J atju> {j* jt c *LS"L- 

oUUil IL, ^il jjliLl ^JUL- ^ jUJl *>i-l Jl jSlI oL) 

4j>>L ~j*j 4 4^j>i>j ^j^Jl 4 ^-Lmwa jyp ol>Ju4 jt SJlp <u^pI jLju 4 Liu I Lla . -*>«-*JU 

LLS" . 4wL-»I L>Li?3 c. ?Lij J| 4 L^w >*>- j i bj j>A\ ^L>-j 4 Js>jj^JlI 

! Jj Lj£ Lfl-l* JjVl AwbJiJl 

I 4 J i9 s j^j <LLLt 4 oLU j jJtj olL j jit frjisr <j* ^ ^j5CJ 

* ^ £x* J? ' YL ^ ^LjL 6 jS^ S' ^ -R ^Ix-i 

AwR 2 < Y a^L~« < 47 t j R /2 . 

LjI jjli > 3 l,«.*j4 Oljj! (J^Ixj 2 j^Jl 4->-L*u» jl ^j-Aj^J 4 4-jliJl 4--*AJaJl 

L^L?- jjLLl ^Jut 4 viUS Jl Jw> jJlLIj • ® j >* Jl t itJliJl ^ j . ^ J-5C1I 

jl Jp . U^L>w» I JlA j i ^....>JlI O-jI ^^4" ^ j>~ JJ |» <• ® j5l jilj lial^ 

! <LJll!l ifljj UL 6 jSCJJ ^ 5 J-^AaII Aw? lit- 1 | jj»lj . 4>fcj>w» 4Jw?Li-l A>fa*lJl 

<d ^JLni « j ^ j <9 « j S R 1^_pLcJSi j 0 Laj5^ j* 5 ^ Ji>-LJ 

. Lj jl! o ^ il^ h R? ^ Lx.JL) j^l d j^j Lla.* 4*^? ji^> 4 V] 4^>s^-^ 4 5 L^j>*p a^LmII 


Geometrical Methods (Oxford: Clarendon Press, 1940), p. 49; reprinted (New York: Dover = 
Publications, 1963). 

: jj^j La jllc- ax -f~ by J ^ ja.nl I ajL^jJI j^LiaiJl jl j-»S/ 1 ^ jju . j>-l ^jCj 4 ajJu^iII oJla 


: iJliJl aJ^IaII jldT.tL j 


JL* 

‘~b 



4 ax' + 61/ = 0 j jl jil 4_^ 


6 x ai/ 

Vo 2 +X 2 v^TF’ 

U V 

ay/1 + u 2 6\/l + u 2 




t y = bv j x — au liw> 


onv 


. u — v c jtfill JUaL 



! JLJLj S < S' b j&j 4 L>-Lw> ( j s> S f L^-LJJ Juiis 


^S..R'<isii j #<R 

u O 

■ V l <v J\ 

Oj£j 01 4jLa jJ 1 ^jlfl ... )1 SJljlZji 4 4^ . U ^ 0 jliM 01 yOJ 

^w2j V (1 )La jJl ^53 ^ ^Jaixll U ... 1 1 ^JLaJL* <1L>- aJLaj 4 6 j£j Ua-£ 1 -La ^jU.„il ^ JbCLo 
<1) jLLl 4 _aj yj (_^LaJI Ak>-^^4 Lj-5-w^ . ^Lp J^JL, ^ jl ^ ^Jau>< 3JUCL* JJ 4——jJlj 
la 4.x Ol^ J_*JLo (jjLij oly V 4 o ^1| oJL^J ! fL/LaJI <JL>- < y 4 JLAjjJ^ j y—Al (JL>- <y 

4 JJ a J. 4/3 j c JljLaIL j_Aj . 4j>-j*V 1 jy 4 _aJLl£ jJLp j oJb»-lj oIS 

a ^£j| AojLLoj l^-ip Js<3-*~ aJcw 9 yhj 4 a j^Jl yJl 4 W.4./3 1 1 aJLojlIwjL 

* 4 a la?*.<o jS> ^jJq. 4<» cl/I^JLfCLaJ 

4i^Lml <jL«-p| <J* Ji ^1 (_£jUl 4 JlyL^ 4(jjJaJl l— A./3 ) Jl^y«J (jjliM 

y . ^ ^cioLk^>*ll ^jLj y iJL^j 4 -^i^jj iJLft c ( L> jI 4j! £*) 

ji <jI Vl 4 o j.I*j*^\ j yjJJ lJu ^JLcdl Lp*ws^I j5i jJ j® i <JjJL aJLmj jJl a -L a 
I -La . ( < 4-jL*_» £yj- ^ J-J 3 Vj ^-*11 I *La J^< oLAjJ LJj £_Aj 

Lllii *>LaL>- ^ ll jjl (1)15 J^-i . LjL«jJ-J. ^j-aIjJI <y JJVl J-p 4^-jj-sAiJl 

-Li) 4 1 ■<» ^ <• ^fVj^ oLs ^ LjJI fLaJLp |t-A tl ^^>4^ ^ 4-jl5 j^P Laj^^ Ja 

£-L>- OU^ FlkpJ Jp yl f^p 

aJJjjJp j^p 4^>w4j (1)15 4 <l)jt->«JL 4 1» iL^Jl ^j^l 1 Jla IjJ-L> 

L^JLjIp C-JJL 4 Laj jJaJl o-La <1)1 Jp ^ j-?~l <£>- ^ J-L>j t (^5 j>*1a) 4^51^ Lj 3 

3 jJL>«ll 3JLnJl j 4 ol.»-^«4->ail ol>L4 JL>- ^3 C. S A Vi JLs Lj j JLw» - » oliLkj aJU- 
43 JLA ^j-L jj-Jj 4j-u . I i^oJU d)l5 JJLaJI I -La . A^Ja ld l ^jja-Jl 

4_>jl^Jl ^ LLw?! Li jiaJ ^3 ^p aJ aj! Vl 4 ol o,4*.>JlI oI>Lji ^jL-J JL>- 

.^iiJllJLA JjVl^ 

^»l j-sAP ^ jJl ^>«-Jl LxJJs C-J15 ^yJl aJL- jJl a -L a J jSfl FjJ-1 

a -L a ^y L*j j+j* c^aJj^II cu-j . aj y— -Al <Jl5-ti^D ^ja j5 4 oJLmj ^ja Ojy 4_Lk ^lJJj5j |». t *^ll 
jy c-A-Ll^- 3Jlp j 4 AmP Jaydl I 4 J A-oJalla oLkJUa/ aJjIa^j IjLj iUjli-1 Lk5 j . aJLL| 

^jl syljJl jlj ojUjl- L^LUU-l yJI JLSLiVl B ^5JI j! y » : lylyp (TT) 

. (y^dll) . l^sLUl^-J yil Oiia — . 1 1 JlSLiVl 

Rashed, CEwvre^ mathematiques d’Ibn al- Hay thorn, : jkl 

. <JLJL^ JL>J <iJJ JLS’j <L— j yll t pjL^-ll ^jl yj -X>«j 



! tjC wa iJl yfcyjj t 


^JLp (,P 2 j Pi lA 2 j A x in 2 j n\ y. * ]a~* y *L,<g * p 2J p iC ^j . \ 

• cJl iS* c 1 y-L^aj ; U^p^L^i 

.A x < A 2 d ilb SI tnj < n 2 j Pi = P 2 o\5 bU 

4 o>-L yu» A' j t ^ la~* ^Jl«^La ,Llj£- -^j 4 Lf^Lw* >4j t S yb JLlj£ P y£J - T 

.4 >4' ilb St <P = P' cJlS’ IS! 

JjS/1 a > 2 ll 4y3jj-*il 4i^bJ J^Jj jjL>«JJ li!>L>- c Lla |» * « $ 1 1 y>l ± 

6 yP JLi La <bl tft 4 bJillil oUJuaII ya 4-Jllli AjL^LS' o y IjJl l , j*ZJ l a C Ayliil oLj^/ 

yw> y« 4<y* jA il jt 4 yJt-A y* b^UaJl t JlkjsJLj . 4-iL^aLj^ 4 AJjJp 

^jJ>jilj tjLAjJI IJufc jL— ^ . ybS’Sfl o-LJlI c ^ kall ob JL^-iS/l 

flft j-jIJLJ| y_4 U^LL-jl JL^b ba J-*J - ^Jj-il 4_>~b«^4 - 4_jL^jJl 

oIj JL> ^ X yJLfu C ola.»i >*ll Ob-b^a (j£jb«JL) ^y* y^ll C^UJl pJ^-\ 

* * * m * 

ftJLft . aJla ln*xlj^ ^jJL>- Li>- jjl>«^ L^JLL ^ j t ba^^sll 4 jjIjJI ^ <Jb»j Iajl>-j 

<J yilll ^ ^^yajJl ULfJ y «L>i-l 11 ya _ o j I _ o yjb,^ dll oLjl^jlII 

! y* y^w La yadll yob jllp l Adlib . 1 

c mi," a 4^Lt*4 ^^JbCLa yy yA . 1 . 0 

.A*rfi\ ya y^Vl dJuJI <d ^jJI 

AEj c^yk^ ^JbuU (jb LJlUj) JjL ^ayJ.1 S ^J1 y^y. ( B Ubj) A y5J 

yu^LJkl (5s Ubj) 5.4J co-jSf! ^ J1 y^>l ttL*. (BG Ubj) 

! LjjJ (j ^ b^,.4v>o- (Vs LJb'j) V^j ^ykbll y;^JLid 

,v b = 1 -s b .bg j v a = 1 -s a .ae 




. 4^jij jJUoil (Yt ) 





(a . 

(J-p) £j . l a -w. l l ^S-L*_L» <L>-jl flgj 71^ = 5g (^jpI j-^-*VL>) LljUj 

■ Vg > V 4 J^SC illS SI trig > d)^ ISU ^(<JI 

jLip'b/L j^L cdJUS ^1 Jup ^iJLJj *BGj AE ajjLL« ^Jp ^JL^JI ^1 <jLajj 

li^>UaJl illS SI 0 j^SCaJ ^ ^jj5j (j\ilJl Bj A tjy > ^Jl (jJipli 
. ol ^SCJl jSl jA l j j^j ^Jl 4^%M>«il U j^ll ^1 liLU sUaxll ^slrJl 

ISJj 4 4f-Lil* oUl.^4 (jUfcla"‘.ll ^jJxmJI 4>-j1 dJlS ISJ I c-> - 0 

0*Li! ^ ^JLuJl ^JU ills S[ 4 l frl •> P ftjXlL 4-tL^- cuts' 

cP Ujj-f 4^-l*^Jl jJ J-sAjl ^UajI <j-* 4^->-^^U 

. A^U^i 

riij 4U^*>» V 2 j Vij 4 U^ : .i^ L^4 5 2 j 5ij 4^jJa-Jl ^S^Ui* P 2 j Pi 

.7ii> n 2 ^y>\ jA I £A 4 (LJl jl) ^JLp n 2 j 

4 jL^JL* ^ ^A Tli y9 >*J 4 ^jJaUl ^^JbLL^j Ala«>«ll 6 j^Jl jS^ A <jlS ISU 

. P 2 4i>- jL AibJU |» la 7 . 4 ^ jJ A n 2 j 4 Pi 4 >-jL <U>JU J 4 A I 4 I 4 J 

^ ji ^ISjjl J 4 A JLpUII A^*L— «J 4 { jj\ jJ| AjjI j 4 Jl jl ll (Jp 4 ^ 1 J Sij 0L\ <l)Ml ( jAsi 

! hjjJ 0 • P 2 •{ Jj>*Jtil P 2 |t la "ill ^ ^^jJl j-pllP h 2 j S 2 j CX. 2 j Pi j U>JU P[ ^ l aid I 

. (aUU Lljj — 8P) TiiQfi — ti 2 ol 2 — &D 

. ai < a 2 b jJ dj^i 4 rii > n 2 jl U> 4 j^Sll j 

Ajjl jll 0 4 Qi < OL 2 < 1)1 l*JJ • A^*P J 

frljj U 0 ^^Jl ^JaAi F x cUj ^>- ^ J-AJJ 4 P^ J A^».>JlI AjjljJl P[ ^ 

dV * 



jjIjlLI L*»J l j£3\ jlxjaiLj jLjl yjk ^jjlpUJ! L yi aJLpLS <_£ j1~+a 

. dl idAJa} ^^4 ^ywyaoiJ « ^*JtApbJl 


02_ 

8£> 


h\ > /12 

J S 1 < «2 





: LjJ 

^ Jr* 

«2 1 

«1 *1 

1 


5 2 71-2 

J SD 5i 

~ Til 





! ^blU l) j^-i 

C*2 

_ *2& 




S 11 S 2 



aj Si 

4 AAjL^ Aj J C 

^ 4 o-jf ji 

|» *;^ll Of 

S\ ~> Si lfl*J t — . > 

«1 *2 

£2 

«i 





1 01 f*-!" 10 b^l 


• V^SA _, ^1=^5^! 

. Vi > V 2 b| Oj^j t hi > / 12 J Si > 5*2 of Ujj 

(J-JaJj V ilb Slj . A 4 laT 4 . a obj-ai* ^a (J-LlaJu Of 4 ISI 4 Lblj 

^5 ^JLp ^1 j 4 £jJa-~Jl JIajj i j* oVU- J-P Vl <—> - $ j f - 0 jL r vfl-lll 

LoC 0 j-^j jf <aj j*« A>-jf aJ la ... Il ^ JLaJL* A_>- j I ^ JLP 0 j .M 4 ^j_la»*Jl 

£jJ*-Jl jUjJj fj4 J 015 bl c 4jl J_^ T _ 0 WLill 4 ISI 4<JjJ ,(\Y jf 1) 

Lii j l^aUcj^l JLpLmoIj ilb SI 4 LfrUP Ap-LJiI 4 A ^ la, I. a Lfx-uS^j la-.,.] I jJLp 

C—> - 0 4^-./3 a] I <J JjJ , J.ja.^jl (_£ j Z*& ^*j|j 4 £jla-*Ji (jLoJJ 4 ^ . ^llJl 4_,,< '^iJU 

^jla.Ji <_£ ^jlp ^jla^Ji f jt: ® j^i cJ*uo Jb- ^ 4 aj! ^Jp 

. iJlA ^ Lpl^-l Jlp! ./jTT 4 <L*JallA 

^j-« U^UajI a j^JLl <_£ j-sAA.ll Aj-^Utl oLjJ ! pL^Jl ^jji JUa* ^j-s ^ jj j^Ja* 4 ^ JuaJ IjT 

4 *j j-aJ ^1 $ aj>- jSfi v-JJL^. ^JLpj LjJ^j-p A^Lil olS ^j la ,,*,11 obJL n iA ( j^j aJjLaII 

. &U £j]ez*M obJmli AjI^iS” a j£}\ 

£j la ,m 11 obJLuJLA iJLP <LuL$JLj ^JlL-sAj (a 5 j_>«_dl) A-^LLj jJl A-2j^JaJl aJLa ^j-SU 
01 0 (J^* * J^~^ 4 LS^h* ® jAjJl ®5 a olj C-S of (J-* Jb V J $ A oJa.I‘,1 1 

4 ^JLJjI ^ jia.,4 cl^bJbda j-sAlflj L^oJbixl^l ^jia-wJl obAxI^ Of f4r^l c^l 

^jj jJl oLs^LjJI a-LoJLp ^*-a . a j~~j£ V j ^ ^ aJI . IaoJLp 0j5o IJL^ j 



tUjL* L»!j US' j / r 4 j L$3^p ^jJI J^#JL ^-L^J. Iji 

. <U*»*^il *LjljJl ^ O jJsu ! ^L>*J I JLa 

^j| ^L^lj ojliU - jL»L^)/l jl-U j^Ixj tLjUjLJk ^1^1 

j! ^ial^o ^1 ^ jl~~a UJL JLa 3 . iujjJi oL-^LjJl 4-^1 jiS^S/l c Jlou JL>- _ ^JL^Jl 
. |*-fc t <> ^L^-«Jl ^-*»L5Jl c^Jlai {ji yS^rj 4ij> yA L^jLLL>- aJUoj 

iS y** ^ yj li 4 ( '"’ > l i jiJLI ^ iJLil ^JU jj j-i-Vl I JL* jlS IJli 

^ * U"*\ I ~jU...tl ol j-LrJL* JJ *yj AiUt ^ ^ Ja^j ^1 j oL>-w>^i1 cjL>-L— « ^jL-j 
j»lf— I i£ j ~ *** * UuLal j J o ~ l i ! ■■ ‘w ih5 y*** a L hII *— 01 -U 

. (rA) i i u J ->Ul oU »\ij\ JJ J^tiJl I Ju ja ^L* cii ! U lij H*j t^l jj\ j jjUM 


^ J*- </ ‘r’^ '■ r^ 11 cti o — ^ <y. J* : "*'7* cr*£;j (f 4 ) 

i( \ ^Ao t [ . t) . a} : oU _ - Oj ^ k V-J ji) <J j'.U.-l <i? jbj~- <-i I jA^yji 5 yy*0 t 4 -jIa^ 

. O T 0 *\ 4 J ^jJa^l 4 4DI Jjli iL jJaiO ^JLiiJ Col £j~*j 

<_$ jlP- CjLp LJU> A j-v«aiil . olL jJx>«il ^ iJLP ^ |*-m»LaJI L yaJ *L>«J (T"\) 

. uJJUUil ^_Ip (jUJbJj c-iil* j H*r ^ 4 1 _^il* jd! u-J^Ul <Jp 

. Ji - J H Sjj } I c(r^‘ iJljjSU ^,.jJI c ^U 1 te Ul M (rv) 

j! UojI j cii y jS^ ci^ (^*a) 

j 4 (Bradwardine) jl j^I^J jUJl 4-obSCJl Geometria Speculativa « aJjn* ^ J-^ 

Cy l : 1 < m. / i all tj c J ^ j (Cardan) jb jKj La Subtilite \y ^ Jbu UJ Ujlp^J 

<*J ^4 jjh 4 ojL-jl* LI jjj £>U<j>Sn 3 -Lp tiilS LjJ ^jiJlj coUfl ; »JLl <jjL-jd,lj LjJl—II JL^LiSl I 

f ! 4 Jil ~*A 4 ii jJUd4 |»L»! ^WJ J 4 I . *LjL-l4 


oVY 




JlOVl VIjJI ^ iJ»L.«.JI 

■ cr -Lf tol^fU) 

aJjS/ 1 Aj^ifl-Jl u_^— oljj-Il lf7 il t j-J ^ 

Ll 1 i ^^3 OjJojJl aJL* ^J Lfr jt-A 1 ' ^ ^ ^ l)L^ . J 4_>-L-*il (_gjl «■ > 

t> jjk jl Lf t La e (^jjl Jil aJjJ-* {j* l) ^jj t <!>■ 

. Jl 4 jL* Ljb ij^ialJl 


*vr 



4 <»l.\ 


(*) 


(**) 




ioJjLa 

O j-5Jl ^j^LiJl (J j-iJl j^-lji di Uj-*JLj AjjJL^II 4-^JJL$Jl j\A\ •> y*^ 

jlla ^^Ull c-LoJLp 4 ^Lp 4 La jl«jlp 1 ^yiJl A-jjj»Jl oJlJlj £^^U*JL! ^-^LiJi 

^iaa JUJL» j5j: oLLSUl aJIa^ . ^JLp ^3 SLI o— >15* 4 (Jj^LUl 

Uut ^J?! ^JUI . (_£ jll^JI JuUiJl j JuJLiiJl ! <l^jJJL)I jlJLaiJI 1)1 

US' iS V^Lj £j y U/X 4 ]! ^ JSUo 0^1 . I -lUJ! Uj^j 

. ^Ip 4i-jJL]| ^ jJUll 

(JjVl J->-l jil Uuaj 4 UjaJI UrfJlljJl 0 Li j-ollJl UlA {j* p-P jJl ^J-Pj 

L^lajtjljj 4 uy ^ jJUll ^LiaJ ^3 (3-UlJ ^jlJl L$-sAjUlp- 4 La j-«jJ 

Aij ^*11 JbjUUU La j. : ..«.iijjp. j*JL| ^j^i^-S/1 ^J-P - oL-s^LjJl £j ji jiU 

^ j^-l ^ol tJjUi ^^Ujlu><Lj j-s^UnJ jlj . LIS' Sjl J uLl JuUUU 

4 ^LLl p_A j^-4j 4 1 jJlpIj 4 ^ 4 . k g.ll jis^bu SjLiJl>- d-<L ^>“ jj *>J L—i ^«*Ji *UJL*J1 

. <LaIp oU»L jJl ^ J UjU*Jl ^ I Jb JL>- Lp jJ j jJLU ISU 4 I jJ^ C p! ^JbUil 

* j 

L)i US' . 4^.1*. ^ ll ^JL*J oJujlp oUL^-l Cw^ ^ ^-U!l (1) jA Jl 

. u>JlI olV jJI cLjUUjI . V - ^ <~Ul . oU>lj! ^ <*) 

• ^ji*Jl ^*Jjll) <L1 LmJI I Aytijj}\ f jJL*Jl 4 ^aj^. 5 f 4 jHa (♦ #) 

• JJrf Upj j*JU J-^aiJl ULa ^li 



jj . Silil o -L a LsajI cJLLp ^ <u-s^L j ^ j-L*J UUl U» j-SL ^ UpI 

oLsjaJl t lLUj jl t a J la j^s <3 4 LLp ilfJUoi ^JU* 4JLL1U oLobl 

: AJUl ^^ill 

C->LiJ jj-P 4u?^ jJL« jl 4 _U*aI t A^.Jl H ^3 Oj-laJ CjLL£ JjS/ I 4_IjaJl ^»-sAj - I 

. LpUM ajU-U as JtiU jl |JLJl IJ14J Jl* 1£)1 JaJ-l ^JLj 4 c£^l 

(^JJl ^jJJN J j-s^S/I c-^LlS" J-SLjLjj tS/ jl 4 otiljll oJla 

V jJL>- L|Slj JL>y cJL^Li ^jiJlj 4 L^iUIp AU^S/I 4 0UU1JI ^ j~£ 3 JIp ^ <LJLxj 

Lj^Aj ( j_* cUlLo Jj-pbfl l) 1 c_5 j jjdli I JLJl latf>wJ! *|jbl Lip jl b/l . ct«jL>*jbD 4 JjU-*a 
. a^jl^JI oL-*AUaVI l$J U« . : ..J ^ ^_p jJI Jp 4-^jUa 4*.» ; .U li LLS - jJLp 

^ujLJ! Jl ^L-Jl ^ 4 — j^Jl j . 4-^-jJlj JaJ j jJL) LLJI AjjJaJD ^ 

i j J-w-iS ijjJij Jp j_J-L*Jl 1 — >ti£Ji 4 1 j-_>jj 4 ^i jlpS/ I AjjJij j e^>L — ^-1 ^-Lp (JjLiij 

^-Lp ^JLj Jj^Vl (_$ v— . AJLJl L>-jjJl p-l a.^31 ^IjlpS/I Qy\ yJ * * > > 

^iU-l 4_*l£Jlj 4 LrUAl U-Jl^JJ AsA*a£ ^^L-Jlj £jl^Jlj JjS/l 4_*I^)li .* UJL^Jl 

. LpI ^ill UJL^U 4 jJLp 4±Jlill Jl jJLp 

4 U-Jll^Jl |JLaj jJJLjCj ^Jl JL-i^jl oL3j_* UsljI ^SU 4j j-lalll i-ljLll^Jl ft J_A 

obLUa JlA- jA-saII ^ AjAlllfttAil J^iaJl ^..laT) jJbdl J^aaII ^ 

Jlj 4 j-j jJ tJlAk i— jllS" Jl SjLJt^fl jJL^- 4 I j^i>- J . illliJij 4-jlill (jibIi>-jjJl 
. 4JL-P (jl^JL^Jl (^*131 Jl t^DASJ 4 4j^*U Jj^ll 

(_£ cJajj^-l oLliS* LLI Sj^iil JL-pS/I ^ 

* > > 

. j!5 4 4l->JLA5 

jJLJ L-L^l 4_*x j£*a 4— <aJLL^Jl <■ **-*! ^1 ^ -■•‘l 4 JIJ L> LSLJ I 4jjliJl 4 JL 4 JI p . »/3 » - v— «• 

4^-4^JU olij yA ( j^J> jl 4 0 L j,./3«]\j Jl |*J^J ^L3-^Jl |*-LpJ 

^JLrj j^oJLita-J «»>iil ! 4 juLll 0 Ji-A J>-Jbj . 4 _*Lp 4 ^P j—a jLa-pl jl 

^JUJI J jljJLl <ul\ ftlA ^ Ui' 4 v-JLJi Si Up l J jSl e-Ai&l ^ Jllll ^1 

£ju j . U-jJua jlpI ji Jl 4 iU?l ALLS' Ajjiaj V j^ai S^Lp (5 ^yJl 4 4 Uj-iJI 

, ^h]\ C^IjiSl ^jP oLflJ^a LsAjI 4I4JI 0«La 

t>jLj j p\ - -^-1* ^ 1 4— U_nJl UaJLL^Jl dj\Jt}yA ^ *JsZJ AllllJl Ai*}\ LI - ^ 

4 jI jj 3 44 JUL 4 L 4Jti JA Uw-JLlA oIpLjj LL> JLpIjJ J-P 4^j| . . . 4 J^ 3 j^“J 

• 0>*l ji 

4jI JlAjo USJ 4 LIS’ pJ^L jl cJlj ej^bU 1*. ^..,...aj jl li!AU} JiSjJ bl LJl 

. 6 Jla UJjjJ LUil ol^>- jdJ LdU j j£L~*m 

dvn 



Ija p—J j-*j U-JUl^JL ^LaJUjAI aj j ^ jJl! AjJjjJI JU-pS/I fJjL IjlJ 

J-aj ^ JLijJ jJl (^AO * - VA * j->fcj) ^ jjl j-i-l y> tj-> J_^j>« 1 j-^-i ^jiJj^o 

. ^il a JlA ^jA ® j*JL|B 

^JLsl j 4 * * a-aL^* ^-«jjljSxJJ j-J-l ^j-a ® a^-UJJ c— >L^ J, a i (^JLjjj 

A. \ .&..»Jy Jj>%j L lLD.} Jp” 4 A^u. I * . g l l (jU-pSfl J^“ ^«J-I J***1 m«I (w3^j ^-*- 4 

^LlS ^ J . ^jj-C'LLJ A_L—il J_| -LP 5i j jjua 4 4lJLL« ^LjJjI ^LJ <JL-wX» 

Aijjiaj LJl ii^ULa JUpV JjJU-I JL>J ^jJliSL-Nl j (Metriques) oL^LJJl 
4 jlSj_j aJLsJ! a^-jJlII ojtaU-* J^>- aJL j-U JJ ^ jJ>4 jlpI jJ Jl ULa* cIJla . ajLLl£ 
. JjjP-Vl ^^>1 jJ jlSvJsl JlllLj 4 A^JL .. < ;..L f H jJliJl Olj j! 4AjbJLa iJajjJkj 

^ 4^jjI^JI g\ yu\ j* J-a>«^U J^-i J-jLk^j 

. ( j-a JLJLbI <J Jl 4 Ij&JJ Jb 4 i ijJO ^jlJl (jj j^-A (3 4 SiL>- jl 4 A_oblj jl <>■ jjtCu* 

. j/l oLpLj ijUa? Abp J jiJl ULa ^-ajj 

I-Uaj JaU“ J^UJ 4 AP jU^ iJlP <jlS LI 4 ^JallLl £_Uil! <U-U*>a (jl AjLjLi 

k ■> jJ* JaL>- (_£jU*j 0 yljJl A>-U,*a (jl ^^ajjl ijiM ^Joj 4 Aj itl>cll a yljJl ^U-Jb Ala.*.^ 

Jp ^ jJl Lfe^J 4 La J aS Jl a ^5ljJl 4*—jJ 4 ^ jjl ^i-l ^^laajj • Lja^ L^lx-i 

: iJLJl ^-JaJl 4 (7r) 


n 


‘20001 


0 J 7T = 3 + — 


diUJl ^lu ^yil Ji J ‘SyljJl ^LJ -oils' ^ 7T J JjS/l i^jill ^Jui-ji Jij 
(^Jii^Jl JiU)l ^lU Jbu L^i ^yil US' 4(^r^ . VA) (Chang Heng) ^a ^LU J^-aJI 
c5 SCii Jl 7T J <iJliJl UUaJl i jX> Ujlu 4 iJliJl U-JJl (j»o ^ A j»Lp JlJ) Uji-L^l 

^Lp jlIj) Ll^Ljl j-a ^ 5 *-T 

! j a ^SlbJl <>-U^a 'jLiij 

s =# -\.< e -\. \.<e 

7 2 7 


L^jjAj (j j ^A jLS ^1 4 7T = 3 + — 4.4^2. 1 1 L^LLSj SJLpUJI aJU . a yUl jJoi d 4 l^>- 
s h apU jIj Z 4jjLpli ^ yb ^kil a L>-Ull ^LJj j 4 <iUS a j jU> . Liut 

. -LJlljl A^a^wA^I aJLpliJl L<r a j jl ^sLl J^«il 


22 


(r A )^ 


«VV 


a>-L*«*a yllll JuLdil (jj jjljJl ^UajaJl a>-Lwm-j ^jJLo-j y# cJjS/l JbM d*-^ 

•— Jply LmsuI ^yjjl yM ^yl Hj • ^Uaill i j*j JjUJl d-bll 

^sr*^ ^ * ^Jj^J JJ^.\ 

. e j^Jl y>*>- |1 Ai^J 4 <l^-d^\ll ^yl^l^ll yJl ^y-> <ij^ y* <jl 

jJUiil Justf-aii a^-LJLa *! y-l y A-jy> oL-iS^ SJLp o y>-l jJj 

- ^ £ * ) *13 jJl jjl ^Ji>oi JLd-i . ®4_^L«Al ^ * . .. 1 1 yM JUlp oL^LJ-lh 

^lisai 4JJ La ^ utils' Aa!j- 4 y iyJL^Jl Jlpl jiJl y# Ij^S* b JLp (^^A 

ob jJL*-* 4yjjl y^l <Jp L-LJ i*U jJl jj! ^lj Jiil . <w*L..i"l pip y* |%jb JL**Jlj 
^ (jj-USd^l Ujy*j aJLpU) A>Jllftj jjLa 4 LjJ^ - A-w^JLA* a Jb Jb>- 

< y £_Ls<aJ ^^jjJalll ^L^ll AjJLI^JI SJLpLSJI j $ ol la« * AP^L^al 0 j^J dJd« a>-L*w* <— >L**>- 
*yM Uutj . (aj aLu>* 1I o yljJl jiajij AP^Up! iJLiJ U-J 6 ylJb Jab^ p la :*. a £h*j>\ bSjCJt 

<yL~J-l jj ^il^Jl c-bLli’ y* ^^JLLjJl p— . A il l J^t ly (£*$i *Lj jJl yl ^>\sS y« 

. (^ * T • y>J o) y- 

<L_>dJl y jJl!! cj'^/^Lh-a ^J->* Ado aJjS/I A-yJd$Jl cjIaLlJ! p iIji^aj 

\j r ^j>- (— j yJI *LJLJl plit 1 4^JULjJl oL^5Jl t— >L-J- Ajj*i~\ (j j-LJl p-fJU»-bLj i LjL«^>- 

^UjLj-A^-I 1 ^1 4 C-> *Ub J l (^1 4 C5tZ“^^ O -4 -^ * 

aLall* Aj j-y>~ oLj->tl* Jalill oLj! Jl>-| JajJsL^u <UjLw\J 1 Ajj^-i ^la-^JJ 

clb Ls^> L> jJ 1 *L*JLp <1)1 *Xu » j-JLp ^u)b>Jl (1) 'jjflJl ^3 4 JLaj La- J I L® lJL^3 ^ c^wujbLl 

(j-JL| ! jJLp (_^^Li-l J-sAjaJl ^JaJt) jJaJl cJ j-^J J*"*' < *7 J 

JlS'Jjj .AilliJl A^jjJl oV^Lc^j AiLcdl aJU-I 4jiVl e^iJl oJu I 

JaL^Jl iJjh Jju Ajl 4— >Ld-l ^IllLa ajIi^ y (^\£V* j>- o) ^yJid^ll y-Jl ^bp 

aJla jl Lu^ y jJ y>* t ^ (a-jLs^N I jj-LA-l ob) aj^I ji\ A^-jjJl ^ j? y 

. jVl Jl l^ip jjUll pi ^ Ajb 4SU3 JJ (^1531 U /S ^0 oUJ jLl 


aL^jl^JI oLLm^-I 

Jl^i^/l ^j^L-3 OLm. LI^jjIj j <u*JJLfrJl yj oli!>UJl yp Ll<»JL^j <1)^ 

^y jSj ^y^Jj . ^ A^xJLJfc u>LL> j->tJ 0-_Alij <1)1 ^y-jJaJl y* 4 A-^jJLL^J| 

y ouC l^ pli yJi dibs' 4AllLJlj ^V^Ul yjll y v^Udl oLLJ^l 

jjJjd! Ju^ajaJl y cdL jp* oliL^i-l aJjk <1)S/ 4 y !j 4 <1)Ll>» y lyl oJLa>- j 0 y 

A^yillj a>ca>k^^J 1 ^IbLbd-l A-*^lj^ ^>Lw< dU^ yp ^.p^ . j.n..ja)l ^y Ay lull ^Jjbu^JL 

. y jjlydJ 

oVA 



AjJkP-l C jUS aj^Lpj tJLxil iLfc ^ Lf JLij£>')l\ dijVl <— >^*Jl y^yL^\ 

^ A-di (5 iJl Ajjijlj Ak**~Jl <Jl£j*Sl! A>-L-A A3 yea utils' ciUi Li' cl 

. JLaJj (j*AVY C-») JLo-3^ I j*-A J ya jJJ 6 y>-Vl ^^LJLI ^tillil j jjj-i! 

. iULxilj o jjljJL aL^>bII L. la nl I oLJLkll ol>L< ljL-J- < jil jJ <ui ( jJLlp! jl53 
Jlm^L- ^^a o-Lil bLaj $ ft L>t U.^m .4 LajL^pL a yljJl a>-L* 4 I Li 

LgJL*£ Jl o ylJlll jJa3 <UmJ jl ya y . j yA jj aij . l.^.la ^ iL-^a o a yjljJl ^L-j 
jlij . 3 + y JLt J 3 + yy Jl jjL>*£ L ^lai J| a yljJl A~J jl j yl jjJl ^ 

. a yljJl y*Li AjLi ^ oLLil ejlA yAy y* <Jjl ^ JL^jl 

^jlJl ®l)j j-j-fc _ j\ AlAjye# l)L J| V j-s^j ali^Vl I La ^^3 { yny yj £-jIjj 
^LII jl J| oLa j^a y* LUi L-J I jJLa yj . L-J L-liil i>-Lw« ^la «7 

Ja^ L i.^alj 4 j jJ j-4 J^L- ^ ^jA j^ljJl Jaj^>fcAJL! aLLM 

A>-LLI jlj a y l^ yA -JJLpUI jl ya (_£ yl^ kj j3^ ^Ja3 jl lyAy^J • AjyljJl AjJ-plj 

i A«/Xo AjjJya yP Ju^L- Ci^ ^ ft fd a . - . 4 J^kX® ^A y*»l^Jl j y r* A--jlJ-l 

^1 a jjl jJl A>-Lw4 ^jLJ a j^ll c..L..tf j *L>-Lua j \j S A*j Jjpli j> ^5l3 £y+j£ 

I jJLjc-^I jlU j . L^i^Lwo lJl l^pL-ki Ju^L- ^a S j^JI <^lj 4 « ^ 

^-«< ^jLJI aJLA ^ji 3 y*-*J • y** ^-k^-Sfl ^^»J| c_4.L>«Jlj (jL jJl 

. Ail Vlj a j^Jl AiJj^a jj (^iJl 

^UaJL Aj^lSLl jlJU-bU jjkU-l ^1 J^z^i AjL jJa j^a jJj c-Laj 1 ^J»-l j 

. ^CJkLkLtjl ^UjLl ^juiLktll J ^kMkkkjl 


cj) 6 j a (y\Zi£jyA^ ^fCLh>«ki 1J 3 L«k^ ^yv AjLwk^a 


\ 


.(“ = ^ = ?^ 
x ?/ b 


(j^>- j*AA ((p- 5 !” jLl) AjjLkla ^Lkdl Aj^\j J| ^1) ftAjjljJl L*Jbl® ilLkW* - Y 

cJ^ 1^1 a j-i ^-*3 ^ JjLi j C ^*»L^jl Jl J-^-I . J^^/l aJL^JJ 

c-J jSj Jaj jji J AjI j^la .^*l I Aj^Aj aJIjj 3 oLkf ^JaUj AJa-y-l y dJJij c (^1 ^Ll! ^3 ) Jj>- 
Ailli ^ LpjJ ^lll Iaj Jail j-iLil JLJl ^ Ji^JLi AjjljJU Lai . jL 

. Les Lemmes 


jl J-—*' j-4 ^3 JjLij c— di Jua3 ^j-wk/ j^a ^lj a I JL^Jj C a^3 Ouli Li 

C J.w.k^a.11 A-aLII JJlail aJa*-iI^j AtlLJl j LLJl jw^j jJl y* JjL^a jL*L Lj-Jl L y*i\ 

. Lfrlk-P J jJaJl a La J»p y£jj y J-*J LI I ^ J a -^S/I ^jJa-k-» (^-Sj <_r® 1^1**^ Lll L_i 

AA»l A ^3 C^lli . ^ l l C^LJ-I ^3 5^3 d*oL> ciLli J| A3 Ls^^/ Lj^ 

4ia- Jl JlOVl a^L. ^ ^LTj . Lsj^ VI La^ Jl p-Lu f. - i. jktl ^kS 

3 J3^- jll a yljJl y* aji-| ^LJ JjVl J Sy jjl . Lli jJL ^JJl c L-L^il j 



^1 ^ . s d \J^^S i ^ b:; 0 ^jl ~aj 
Ji^Jl a^L^ jl i(^ljdl Jp(g. j ^jh . \ O pij J&JI) ^ 

«JLp ji ^Jp* (_£ j1>l^3 (jlill AjLlS" Lai . a jjljJl i>-Lw*ua ^jmJum (J^Lmj aJI jLill 
®a-jLLi_>JlI JLpljJaJl ob c^i o ... »JlU ^L>*_>4 <-+0 L>- o j j »/a »j c (.Lr^S/lj oU-L-il 
^Vl Jb iS < 2 j iSj j J-pLili L jJil liLi . ^1 jJl ap j\aA» oil? j j^A lj oL«l 

*: V = — . h(Si 4* \J S\S*i -+- ^ 2 ) cbL*j Jl j>^\ J5^ ^ ol«~~>J.I aJL* ji -k>*j h j 
. Alil&l oL.»>ill A>>L*a ^ a] H a AjIiS’ ^ SJLpUII oJLa ji ii Sji jj OjL jlSj 



0 - WfijJSLH I 

j-^Llp oLl^> c-Lspj u- 4 cr*^J J- 4 cr^ 

_ A^laV.U ^jJauJl obJbdlj ol*JL<all - SJbJLaJl 

*Lk-s^ bl-ipl oLJLsaII i Jj5^ jipj . jl j. ■»!>*< Lj 5Jblji« a5Jj iu jJl *L*l*Jl If- ^ti 
^jAJ aJLJI O-jjJl oV^Ln* J->- ^ l|A ^ j-aJI ^LaJ-aJ! (1)15 A-JtJl O-J-Ul {jA 


J \ ZJ-> tsit/u. JGI J A® 

4 ^j>nTi>^.n r 

\**v. ' || -•-. *s*fx 

t * * V £r*Js* J 1 . T\ *\ *> •) NVlrtJb •■> V*** 

w^Jdtw' Ji£ i * t Aif . £ v/» ^ 

0^<>f ^W>^l\ » *\ ,a , 

‘ 4J»' ^ J ' 

: - v , l$U-s\V“*>*U’- 

• - V 

*rA*#0 

\ ‘ Vr*i4$ 

Hf\' 
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J/U > - 

*y*>u* J» t &U l * U^***-^ tW* 1 

p nJ»t>*b%3 t * IV 

^j^liSJWyU l; U>^-4s* 



0 - 

iijXil j 4^ ; .. .11 JlX-tSl! i>-l— I ^ y ^J iJL-j 0*“^ 

. (t\ ij->li ^^L.,^.4 ti-lUjJl 4-^11 iifljkis- 

1 ^ jAd (ii jJ t_r^ jJ* a -^ 

. i-^Li iJL* j*JL*Ij (J^J 

. j-lS^ <JU wT«*<L ( 7T— )Jo iJbtiJ Li — >- (£y a <^J 


Jj L^UP <ju jiaJl cJU*I~J Jlij . Lly>4 oJbJLP ol {jij j£>* jj Jli"l ^1 j>*1***1 

dJJS ^Jp US aLLJ! A>-jjJl Jy *U-^ ^ybj c A a laT'.ll ^jJa— Jl obJbcL* ^y LljjJl 

. J^S/I jL* dJbil tyliSGl ^y ^jlJiSI 

A>-jjJl {jA i£ j£ A_>-jjJl ^jA *Usa)1 £^LpS/ 1 jlS j 

a^-Un*.* ^ £jJaj ^J aU j^p [S j^z dLS ^£dJl I*xa c aJlILlII 

ob Ulallll oUJUall <— >Ul£»-l ^ j ^SaJl aJLa I JLa 3 . A— jjjij c2->LU^*j 

I*Jp £>?* ^y JpU# 4jS/ A-^*I IS olS^ ^->-S/l IAa^ . UU SA* aj«-w*»i11j aa**«J1 

. SJL>- ji\ ^ R <i~?- (. sinl° = R sinl° ja a*JU Usa) d\ jUp! J* olihil 

^y (_$ jJ US ^*yLU?~ ^y JUSCJI jj» aJLp I^tja ^ jjJ! oUMjjJI *UJlp ^JL 

^^Ui^jjJl JJUlJl 4qpJbJl JJj>tJLll JJUJl» j JLp jbJl J-^aiJl 

<y eU^fl oiJLj . JUi J* (Ulugh Beg) di ^Jl UjJUu jUo Uy U>U c^IjipS/ 1 
^lapl 01*^1 ^llA* ^jA ^IjJl 4— >ll£Jl ^jAA . ^-dL^JU l)I^J? l)^Up <Jl>«ll 1J-A 

a-pLjJ! oUUall j oLJbilS A>wla..«.4 ol>L^ ^yJl ^Jl j-SJl I j-~S bJLp 

■>Jl£ yyl jJ ^jiapt dJUJLS’j 1 1 ^ w LLU j LylplLij a yljJl dills' J 4 UUllLl olx l^allj 
^1 jJl ip jJaJL* oUajj^Jilj oL«l yVlS Ijl juu ySl JUdS/ aUUI oUUilj ^U^-S/l 
^ISUl jlSj . ^Jl . . . io.lar.il £j L> ■>..!! obJbcuj t 5 ji^Jlj 

^l£)l (alSj . 3° 8' 29" 44"' = 3.141593 _ r ~iGL Ul<d! j tt J a-jj&I 

. AflJbiS- jl^l jjP Aiw y A^> jJ ^JLi pd 4 AijjjJkl dljj^l olS ^l>t>-I 

^1 jjS/l Jjl® ol jU_*Jl j ^jj-saJ! f-lj^>-l ^Li iLjJaJ A-^l Jjj jlSj 

<3 jdJl ^ jUdJVl ikjl^Jl oU-Ldl ^ja La jJt- j aa j->*ll ^^wusJlj j-WLlaJIj 

A3^>«li util j ^jm \ jJl AP jJa.A4 A^LS JLLp_j . ^la 

. ^ jJl Lb Jp Jj US 4 c-jjliiil (3 j)& 

. L-^UJ-I ^y AP-li^Jl £jl 4 jJbj 4 A^la.ydl aIUjJI ^-jllS JUjj 

4 AAjLmJI C->V jL>» 11 JS Jai3 ( j-J JUaj Jb>- 31j 3ji* TT U-J Ay ^dlS3l ^jiaP'l Ullj 

7T ^ISCJl <W^«JL>-1 . (li>-N jJajl) Ljjj! j£ 4-UJU! A^J>-*>UI oljL>o^/l Uajl Uilj 
UjjJl (3| ^s>- jj ^ill S yjl-Ul ujLm^ AiliS ^y ^j^JL^jl LaJUipI ^yJl l aSj^Io-IL 
. (^jlJ^jI oLU3> ja o 1 ^jU>j Uy Ulj jlHJj) o y& 1 

Uaii« oUl,A< 4 aLL> ^y 1 Ji>- S j^*S a5^ ^jJL <J jL>- ^ij 

^jui^jl <Uljj o j^aiSI Ujy UL> 3 x 2 28 — 805,306, 368 Jl olS iLayi-j aLU- 

. LU 96 = 3 x 2 5 Jl ois oUUail 




* yj b n j 


(T . U) fij JSLUI 

a n ^ Jj ^ O'* 3-2" jJjJI *J L. U; j l » I ■ j .» j^lil 

: 0) ((Y . Y O fij J£J! ^ LS) -o ik^il iiiljll 

:bj£j 

al + bl = ( 2R)\ 


(Vn € IV), a„ +1 = sJlR? - R\[(2R) 2 - a* 




, = R \/ 3 = BG 0 


! SjipUU ajuAsZjj . a n Jl ^Jj b n Jl um. isJ iJL^jbj 

AG 0 = R = b a b n ^-l ~ \/ R(2R H- fen) 

6 T A ^uj i j J^>- ^1 aJLaP Jl 4 71 = 28 4 £l n Jl aJ_a.jP 

^*Ji ..<gll ^ ( J_^iil jJ Jj till jV fi J A^k_uJl a J_& jli>-l jl5j . <Jln^ 

jl »/* > ■ 5 j-*J< j-P ( j-4 Jil c^jVl >i 600,000 J^Lu DU> i sylJb J*UII 

a ^ ^JaS 4 ^ 4 Ji*j Z) jl Luj . ^ll) ®5 ilaJ ^ jl Jtu) 

AjLL^>- ^ISJI iij JLij . djjU IJbl j_J^LsaJ JjJ A-n__ Jfl.l I ^ jJLp j J 4 AJLiUl 

. Aj I I ^£Sl jjjJ-1 J^—j I^JLa-xwI jSl AJ_JLwJl aJo^J^j 


■ b n +i = y/%R 2 + Rb n 4 On+i = y/2R 2 — Rb n : <1)1 ja 4 fe n — AG n 4 a n = J3£r n ( ^ ) 


.OB = AO -R 


oAT 


‘ 0^+! = \J 2-R 2 - R\J (2ft) 2 - a£ J 



^JUall ia^ ^1531 IaJL? 3 X 2 28 J J*U ^JUa- 1lj£ oJUJl£ Jjuj 

J-£“ J ..< a >-j . (j\ w 1 v a i l ^ l a « > tl ^l^.J-1 J a_^ jJJ JaL*j S jlljJl la^< jl { j ^> jUlj (jil jil 

: aJUI ^dl 

7T = 3; 8, 29, 44, 0, 47, 25, 53, 7, 25 
. aJUI A>*«jJl Jj J-s^ iS ^UaJl oJLA J 

7 r = 3.14 159 265 358 979 325. 

A^JaJl j) t]a>- oJI>-j I jt (_£ jj <JLs< 9 LaJ l JLrj L>Jj jJLp Ou— Jl 

A « 

y i^KJl jl>oj al** uy^j i LjjjjI «(5... y» V Jo 38... ^ 

oJujJ- ^ aSjJI J* J 1 Jj (A. Van Roomen) j-^jj jli . f tiJLJ j^JI jlbJI 
. U-U> 2 30 Jl c->li aJoj>J.1 j ilal^il oUJls^il A^ljJLi dJLJJL) ^li Ji j . 7 r <u-S 

j^ipIj . 7r Lj- ajjJL 1° t- *-*>- L^jI ^ jl>- ^ISJl jl j^JJL 

AjjI A^JjAj VL^- AjL ^J aj ^ !.>«-) ^15 aJUI A>-j jJ 1 aJj>L*-« jJi^S 1 lJ-A 

. 4jUj+j* A-jjljb oIS 

oJLp oL^jLLa ^ ^jJI oL^L jJl f-LJLp jl |Jl^- Jia-^Uj 

_ 4VT) Jj^Jl jt£ jJl jlS' j . ^ai JJLP ^ U _Ja3 Jl 0 ^5|jJl Jo*£ A~-J jL ^pLlil 

•>Jlp» Jl «0jjljJl Ja-j£ ^JLp» JL-wJ j! JLS'l Jj c j a ■> JL! jjjLdJl AjLl£ *£A 

. (Y) «^ 1 » ^JLp ^ (2 J V*U« «J ^4 JjJl) « jkall 


1 *< A 


ajj^I ^wJlI oLLJ- aj jj jJx Jl a^jl^JI oULJL oIjc^i>«1I ^L«jla 1 jil jJ 

(_^JJl ai^p jjjJl ^jJLlil Ja-ii-l i^-oJ oULJl flJ L a ♦ A^JiijJl oLL-^Ij 

^JLj ^jlJl j c AJjl_pl 4-*jlS O Lilli I c A-s^la- . jl^LJl J a ^ Ja-« JlI ^ ^Jl AaaJj 

Jl Ja^ iiau-djj 4~J?* jj jJl JjJ^j) ^Ij^l A_*jjl j J jJa 

jt) Jj-jj. .,<ail «jLjjS/1 jSI— c ajj la- ^ Sf 1 »» >"j . LjjL .~ Zui Ip-J _>- j-JLp ^5-^JI 

^ L .(Democrite) l ^ ll ^JLp t («Harpedonaps» Jl 

^ ^liil *LJ Juucl«J JLi-1 oJla cJU t JLaJl aj J i^Jl ( Sulbasutras) y ^L1 ^Jl 

. JbUl 


y <UjJLaJ| £L*«jJl {jf* j^Jlill .' JL^-1 y Jl «j£- jj! (T) 

1 _ r JLif Ouk. ! jLl jJU^-) j.T j * ^ f il iJUJl O ^^^-1 i >jU> ajljj *uLt | . flj.^ .til L5li I 

fU O^UJI ^ UliJI UU1I :r & .(\^0-v . Wot , iJUiJl ojUll ;^b 

. o\ « j ^ Y 1 . ( ^ ([.«!)•<>] IS yfcUJI) «i .1 jJl . xr-l 

o At 



Jy^Vl aAX J ulS'j * (Thales) Jl jl£J! £ y^l y>Vl 

yJl Ja ylaiL-l ya Vj t$J ^lj jlXJlj S jla^ll ^lau * I y L»Jta A>Llli pwy 

d)L 4 IJL^Jj . 6 -La Ala.»*<ly tA>vj>ts^ Ij>IApI Ji£ ^LLLs y* IS^UajI cLajLj 

. Loll] I A>-^jJl ya ^A 4 (_£-LLaJ| Aftlya yJl t pLo-vaII ^l-LpVl JS" 

*L*waJl ^IapVI *L-J olj^Vl Jj j-pVI lJ-> 4 ^^LJLl J-y ^IjJl <Jyi3l yj 

. y « la a *. > aaJLc* QjJa— >.6 yp ojL_p 4«neusis» Jl a)I ^yAa-'^Lj 4 AiJliJl A^-jjJl ya 

j»Lj! a^^U (Jl ajjI^JI Lemmes a* US' y ^Jui^jl 4 oJL^-S' S ^ la «■>.<« AalJL^iwLj 

. Lilli) I aj^j-xJI y« .sL*a Jp- Jj, LIL-mII o Aa V 4 

(jl 4 Ay Aft) 1 JjLAI yft*J A^a Jj>- Jl^-I y> 4 A^ali*- olA>«w> y y^l Juuxlw-I 

p -lAy JwjCwI O^LlI J-3 ^yl^il jyt)1 ^ 4^ia . Aai^ll LljjJl jl ^JaLill *ll> J>-l y* 

Jj» y c-S.U aJ? jyJkl £jiai Jl aJiAj . oL*£il AipLai aJ? j y>*il ^jLdll (Menechme) 

. ^ - S“ 1V a Jai>» ya c/'Aj y *- 0 yj Jaw jJl ^-wllla ^l»£l 4 LJ yo —* 1 jiSl aJLwj 

ajjUJlI (Diodes) ^-JiyO j (Nicomede) yAy jiJ JSot ^>Li! J-J jLJl j yDl ^ j 

. I^ap cJIju^I (Cissoi’de) w>i yil j (Concho'ide) 


yi> J t CjL^J.1 Aftplvftl Aw? I yil AA>Aaj LljjJl AjjL>JJ A-A>cla C-J-4kjCw! 

y~®LL| jyiJl 4 Jl- 3 y>J . LiJliJl As*-jA)I y» oly>w 4 Ajj-sAiJl oL>rlla ./all c**-> 

j-a j «quadratix» Jl J-^L AjjljJl (Hippias d’Elis) tyL-y^ <3^ JJ 

w>l j." +m yL. Jw_aJLwI 4 JLlJl (J^-aJ'I (^0 ^ 

yiliLa ^L-J ^ I 4 S yljJl j ft y» ^ 5 — ^ y>*All IJLa (Dinostrate) 

J_o^* jl LjjjJL>- idJJJ^j 4 (oLA>till 6 -La JlS^ . AiyL6 eyl-U ((|^->- yil) a>-L-JlI y*) 
a-s^L^-j 4 aj ^JL j w»L>s->I SJLp 4 a y I jJl ^jjiJ L-^ljI c^JL*->Cwl yJl 

. Ajj^jJl 


A<Ja j yxll ^yiajlJl (JIwjCwI yp 6 Ju JL p aLL#] JL>«j 4 A ij yJJ A*J j-*Jl oil? jJa>eil ^3 

Sj^iil ya LI olL jJa>dl o-La y JJJ uy>~ y . LljjJlj oL^L 5ll y 

(Meyyasher a^LaIwI yp aJJj» y 4 j— J yLl! yLwVl y^Jl jl 3l> . LajL^ 

lj L> ^ L> ^- ll ^LaJ-; rJ a ) I ^wLJI 4- « ^)l^«aJJ p ^*^ l^^)l 4 J ^pftJl t {3 l • * (^jJl aqob) 

. y^l B ^LJj 4 AjjljJl Ajjl>*il J-ojCwI 4 4«JyJl 

Aiy^lll Aa>uLl ^^3 aJL-j i, jllS" • AjwJLL^Jl oLL-JJ (y-ftiya S ji y C*jIj ( y J* 


Alfonso, MeyashsKer ‘Aqob, Vypryamlyayushchii Krivoye, texte hebreu, traduction : (r) 

russe de G. M. Ghiskina; commentee par G. M. Gluskina, S. Y. Luria et B. A. Rosenfeld (Moscou: 
[s. nj, 1983), pp. 82-84. 
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^lj |^ i < « «« d ) i aJL*3I aJImaJLI 
L^ jj <1)1 £_laJ ^1 4jjljJl pjU 

. 4iwP viJLiil £>UM Jp a-.: : 1 1 olxjjll Lj. 
fj ^j ji^l^L(r. \OpJj JiCjJLi 
^Jp BCHJ 4 ® cH 

jl«j L«— 3 ^Jo3 j ABC d—Lill jj j 
IJLa j .BAFHGD JXjlJI UjjXj cJapl 
>4J3D£ Os^>i c^j— cr^ 

.ABC ctAA! £>Ul Jp ^uiil EFHGj 

p— ^ J£A> J*p ^ i~jk£ j 

4*4 jJLua « jjT 4 j b.^ SJLpli S J*ls> £jjl ^£3 


(r . U) pij JSCdl ^UaAJI *LJI UJ cAljll ^ 

Jp .^L^Vl 4 jjL— 1* oilljL* 4 -jLw j oluy 41— » «JA £^la— i 

J^l *JJ^T a> JS^ ut^l ^ 1 qa» ‘Lo^oJ C->^j <— a^< li^Jaji ^ ->Al I j_A 

. 4~oJ 


^-jia— Jl ^£3JUCL4 JL>-I l (jfiS > jj ^jA 4 Ai la.11.4 iOl w 1 «/V o j 3_^JL>*il 4 >.>ill lj-Aj 

. \jUh ^ 4oJaI'.4 C.A«/3 J aL«mm1I jJLp 4j^\^J| 

^3 4,. w . . la 11 jl j ~ nSfl j jJl J-y^-l ujllS' I 4-— *JUL$Jl oUL-JU la Aft l— < jS jLlli’ 

4— ’lllT j t ^ 0 * _ AV 0 j>*j) J jLill j+Mj j» $ «tJ I 4— ft j +« JLdJJ 4 .i*.JU^)I I Jptft3 

jp j^jL, juji v iisai j . pU^ji y t JUpVi ^ ^uji gts* u-i 

^Ap# Jp U^j! Jju #4P jL c— Jl— <1# *Jj^* jtr^ Jl JaxJLjj . 4— A J^JL> JjS/l 

^ JJP .ifi I olj^SlIj oUNI ^ Jp Ji^iuj cAJLASUl j\ «J^M 

4—jl^JI ^JLp ^ 4JU-»c—>lj t ^JL| Jp aVJLU IJla ^1 jUll I cc-jL-J-1 |JU- 

. v-^J! ol^U! ^ Jp <3 VjJl3 

! ^Jp tl)l iy^z <1)1 Aaj 

. ji^— Jlj a ^lauAL 4-J jl oULj - ^ 

oJla j 4 wt— JULlJj la..— > jJl »LlA 4 4— ^L>- 4 la — <1 j_j ol^Llj - Y 

. 4£lliJl 4>-jjJl oV^Ijc* (J^Iaj 4— JLwS/1 

oUj j -JiJ j ^)LpSll 4 jjI-JL» ollltJJ 4 jl^LJl J a jla .Ai 4 Ja— jIjj 4 ^LJl - r 
4 4. a.— — ll (_£3 ^jLsdii ^Lj) ^)L^1 \ * 4A4V4*l4$ Jl 4 o. la till oLn \ Ji ± 1 1 J 



) U"‘i 1 * 1 _Lj ul . j£ < 1 ) 15 " i UUjI 4 i»-jJlJ| ^jA <L)^Lji 4 ^j_>- 

.(SyljlI^Uwu jlSo £kj}\ 


. ^Jb 2 > {J^£3u Jp jlfC-Jlj o jJa^JkL C-»ULJl y* ^JLp - £ 
. LiL> aJs»Laj y» y*j* ^ Jp JbJbO (ft A3 jL>- a! ^ 4 ®) *y\£* ^a3 ftbj _ 0 

. J>\ Jl ^Ls OA CA*^Uy^- - *1 


. (£1 ^iJl) *Lii]l y oLL> - V 

la I ill 1 a ■>» ll ij£3 Jl jCLa ^-+3 oLL-j J^JLjj c Ca\ jS J-P oLLj - A 


JlA y ctLt O y\ A^jJlill AjJD-JI y* I y j^lJ j*«J( JJ ©JjbJl jJUlJl ol 

yj j aJjJl>- (1)15 AW o) *— »^5 aj> c-> jaJI c_3 j— <1)1 UajI jJLjj c^l 

c-»LaJj_4 c— pLp jJ j . ^ y>-\ a«$_>- ^IjLaJIj *li jJl j ca^_>- ^j- 4 JlJLajlJI a -L a 

JUpI ^ ^li5 :a;UJ> 4 (^Y£A. UW) Jaiill j£S c^jllSG I 

. aj^Lj ft jjIjJI -u—J j ^pLlj il..lHl |» jil J£J* 

C <JI->l*j jA ft Jp AP £^jll ^LaJ ^^Aj C A^^S/! AjIp ^4 ^ ^>-1 oLLj lillAj 


£ 



^1 . (j-SLJLj 

cJL>- ^jLl ULa JjL—4 Jp LojI 

. y- pLi— _ 3 A-JL-A j-^—A A_Ja_^l 
^LJj-4 f-LwJ AjlLs^ 1_-*JL*»I dya 
(_£ j->“l oL*_Jj -4 Aj*Aj ^j-a 3~ cLLilj 
jjIj <jljUJl JLaIjI C L-J AA»Ual4 

aJLaiJLI AAJ^\ii jJ> (J jJaJl fli jJl 
(J ^JaJl (^JL>-! C— Jl5j . ^LwaJl Jl-J 
aJIJlI oJLa JJ. jUJjll UjuipI ^Jl 

cjI*jj1I ^ ^Jp 

j J-Pj La j L 2-1 Lii j al la nil 
t ^JaiLl ^ A^U! cajuj^I! oDLill 

L^ 4 ojllll ^jaJLJ ftjjl^ Aijjaj 

\0f-5j JX-UI 


oLAlllL jJfcj ! ^jjIJ i ^JajLllI ^ ,> ^1 _^I :>jl(t) 

. v v \ ^ t(^ vr t ^ j^-i) ^ (, jt>L »UJU i ul^ ^ . * itt-s-m 


«AV 


olilill cJlS'j 4 )o ^k>o y IJLa aJLUII olJdill CJtf 

* 0^ <£j^ J<^&] <J ♦ •CjJjj ^aJu J* ^laiU 

^iai J^Ixj c5 l-il £pll jt A-J JL>o c pLiuaJl ^ *Lb Udjt 

. JajJLI ^JuaJ AjjLmm* Alil>- 

. *\ * A) O-jU jj 0L~* jjl ^ Aj^JJI jjJaiJl |»-m* j ^ aJ11a A_>lii' 



Lp jJsaj 4 0jJ ( j-> OoLj JLj_4_>- y*j 4(^£T 

4U ijJl ^IjLiJl J*i U5) AJLilSL* 

JL» Jl>u!L dJUS j 4 SJJlJ Ip jjai j i^aiU (p jUj 

^j-lilj . 1 ^ I»Laj ^j-4 ^JL*J jL-Jl 

. A-Joj la aJ aJLa! jJL* oULLj j j j±-\ 

JmIimmII jjjJLI J^«uJI a Ji}y* jjj (_$ *** y* 

AjjjjJaJlj A-sAiU Lp jJai 

.vJLJLa^I ^^1 I ^ j-Ji 

— * .. j J_o- jL ^^-AaJ A^jjJaJlj 
_ \ 0 ^Jj J^JJl) j^-I I JlJLjj 

x»j_>«jlJ 1 J_p j_$Cj j JLm»«S/I IjLaj 4 (( o 

0 ! J^-AJ ^JiJlj 4^Ul ^L aJ H ((_£ j-A-lJ!) 

(J^l aJ^IaJ A.la.4> (^1 ( j^a ^ynJ^ 

• 1 t>“ 



(1- \t)fij JS^II 


. j-JiUJi jjJJl) ^^aj-aJI jL£j 
a-^>U- aJI p ..■■<> t^sj ^1 (b^Lw<»JJ j-JLp Oj-aJI 

4 ^LJI jl^jJLU . aJs * j j-£ ^jiaJL) J^ljii! f-LJL! 
4juJb LkJwu ^JdA (J j-L? jS ^IjS 4 a^mj jl5* Li' 
^J| ^4 AIjLj j LaJj-* ^>*Vl ^IjjJl 

oJla jIjlj LoJll-p j .((l. \ O fJj J-SCJtJl) 

4A_Jajj-5£ L>>1 ^.4 JjV 1 L^-pljS ^JL^- 4 aJS(1 

LuJa) JXJL» la ~.ll dUj a^L«J.1 o^La ^JoLajj 

AjjI^JIj AliliJl AjjljJl . LJs>j y£ 

J>3j^ c^ili jt5LJ! ^p(> ^ 
. £ = cosa/cos/3 :e(excentricite) cilj — >« — \\ 
4 1>*AJ-a| j ^aa) ! Oj^j ol > j3 Jl» ^A3 



2 ! 



] 


i is; L»y i i -SZx jLiy, 

^ 'V -tL^UH ^1 

jj^y ^.(ii i*>^* 
&*»+>•>%*$■ *-^'S- 1-* y-> c c j" ft+s^ju 
>^r jtf? 

■^i^yj’tr •- Jt: '£> U/<ft> -j.'^c- »*>; 

r - i ** yA' jitfto tJjji-' 'l&f* c 

tyfrSjQ ;: T tffc*> 

^4>{*tf‘ij UlVjtfj ^O-" 
y >i*^U- i> U&J *>• Jy «* - *^V ^ — ■V’Jw-. 

ir*~® >&' 

^/i. * iWifiUr^pi 




T 


1 


^f 1 ' 

■ ^uK»'^U" 

/f^Mv 


;*7j \ > £ ^Er 6 • L * .> ^ ^V*:‘ i*> - * 

■; J !> 

:^p > ^ J***‘ '*' ^ % »* Vt 

£» 


.-, jz_i> 


V 


(r . u) iijj^Ji 

^bll jlS^I ^ i^Aji 11 J+- ^ 

.(£\ A^bj l 4_li>jJl 4-l53.l ib jAx£ Co^&LiiJl) 

LoS" ( 1_L-.- A*b_j ^> tJl1 a — »lSLa| * — -iliSDl 1 Jla ^ ^ ^5Jl Jb 

A_^wL1_6 Aj^jI ^Aj <■ ^ (_^ ^ ^1 o-i-fc Aj 0oj ^J-fA ’ I AjI 

. A-^Jb JLp ^ jl— * Ja 


J-j2-1j MjLjIj Lw.la i (Jj_$o CX <Z 0 (JL?- ^3 lj-J>-lj c bLsLSb* L*JaJ G? — 0 <Jb>- 

. A> ^LJi j\£ j0\ 4ji}jj> ^3 aJ^I ftJjfc ^Ajjtll 


oAA 


UT L*Uaj oLs^Ij j ^ILp jjtij i <1)1 ( y& I v^jL tS JLaJ j 

^j-aLaJI i^ t ^' ^ ^ Y "1 Y o>) ^JL^Ijil 

cJ*LJ lj <wjJli^J 1 *LJ oLUJIj ^^Lil ^>b»- ^p y* jil <Az£ y* 

. oULJl fiJjt y> j^S ^juJ L Lu>j ^ L y ( _ J Lptj i 

4jjJjJ1 LJlp £^)Lj> 1 oil <-»Jav.l I oljJUidl <aLc 11 a J j AaJI JUp^I ( j-jj 

iilii ^USljj 4 ^ ^iJJ 4 jj IjJI ^ ^j\ — d! £~il ^JLp J-4yP 5 JL- j e_i_)j_^ 

£^-^1 4 ■ .*jJl ^ la I * 1 1 ^Ivall fLj l)15j . ^JLj^Jl ^>1 ^J-P fj^)l Ayjfjjf ^-mJ.1 

lL>Jj 4-^iJ JUJj ^ j - 60° UjJj 4^jlj fi^Lp 

gjA ^ *j 1 — <ajI 

^jl ««> «.4 L^«Jt u- >LXJI IjLa ^ j JLaa 

Jalii ( j-w^j>JL1 Ulaj , j, la"'.* 4_L$CJ t jOL^S/1 

la nij ^J-P £Aj ^ .^>b^»JLJ ^J-pSfl 4 *a-jJ1 ! aJLJI 4-AJj-iaJL> 

aJla JLLp 01) 1 y all I ^..* > *11 1*JU <* j $ ^j-oJJ (J.pS/ 1 ^LvflJl 

1) l I-v-dJ 1 J ^ 4^—jLJL-| £>L^| ^J_p oL^JLO 4w*_aJI 

pJj jXjJl) ^j^JJ ^jjL-pVl ^LvaJi <J-P olo>-jj oLj>-S!l 

y* ikU* Jl [+Lyj. ^XJ iJLil .Jlaj . ((V _ M) 

> 

. ^jjJLjlj dfmJai 4Ja*J^j 4 4ajI jJl i>-jjJl 

J-p ^SLSJl ^fll ^-^ol! JjS/l ^ j-aJl y*jjjy Jj-^Vl calls' ^J-Aj 

<__aJjJ ^iJl jOlp 4 j 1AJL31 L^lXll ^ la ■ 4 jI J v 0-»i J jJL>«-l1| Jl>«j . C-»Lpj-^>j-*J OjIJj Jji* 

j_v?Llp 1 T >Jl olwbJL>ijJl ( j->/JlJLs| ^la » t <— jLXJI ol-L> ^3 4 I jX-Aj . 

0 ji J j-U iail-l - Y . *j-*r ^ La 4 la B iJl - ^ W ; OjJL— 11 4^>J * 4 l l 
Lo jJfc Jl _ 0 , 4-ULaj ^J-P (JjL-jJL Ja>- ^ ^ 2 l .. M . l l Jai-I _ i . . . 

cijL-JL pj\S ja ^L-JI - V . . J>Wl jJ> Lr J 

. ^tt4-*»JaI.J>l jia>- 
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B 


D 


(A . U) jjj JXJJI 


‘ jji j ijjijJi uJ 

La^-^" ^_ 4 4 a ^IjlJI j i ^ ^jwwll JLJl^ 

oULlill ^ ^.L^ailj £ La jJaJj 

. <jj\ jA\ ‘£>uSfl 

4^Lp-^y£? ^il ^Ijbo (J^jS/1 £jLIjJ 

t j_p «oIj^Ua1U ^jlJLSI J--4J ir" l t^ 1 
ULi s^_>-SM o Jl*j . V4^»LaJI 

^^ajL^- 4-1 ^L-w " . oU j_^> j^» 

A J Ifl mi L 1 t ^ I( U^I^LuJJ i 

oliilj J jL-j^Uiil . ^LJl jLSLJl J 
-^j>- j ^j-SLaIi ^ ajj jN j-ij 


O^^VL* Ajt < J S' A^lUJl Sj^L^ail . AjL^- V La (^| ]a^-\ IJjh JL>JuC d)LCaVL AjIj La (jclajti 

0^3 4 TV 0 ll . A ^j| jJi aJIa jUT l^frA 4_l^.aj tAj5^* Oj-^J A ^Sli ij 

a jXaJI JbA) abjl Jtf ^iaiLl Aj^jJaj ^Aj *■ ^ ^J^LsaUj * AjLUh^ a 4 Jil.. «A I LljjJl 

EF) |» Ja>- (jl5 ii[® 1 iJtSLfc I^Aj oj^lyall aJlAj , IJLaxj ^A 4 (^j L^i (*\) 

cr’AF^y* (CDj AB ) juJl^ <j\ia->- £* ^-^LaIj ((A _ \ O |t-3 J Jl^wJI 
a_^_>- LJjj <1 )j-^-j -IajM Ijla <jL£ l-ijj t (EF) JflJ^-l 4 ^ jjLu«il 

La ^1 ^ JLL^II ( CDj AB) tjJaiM d) Ld t (jvU-Sli ^jvijjlj Jil ( GHDj BGH) aJj»-1j 

. ^ (j^Jjlj C J>* JiS/1 (jbjljjl 1^-3 £4 j (5Z)) A^>- ^ jL^Lij Ajl^. V 

. ajJCjT oL^l AjjLill i ( aSjL^ il) aji^-I tT->Lpj-^5jJ»l ^1 ^t<4L«Jl ^ 

! A-Jtlil ^A lIjIp jil aJlA_^ 

• l ^ « i La» 3 i (^ jLm.i 4 ^jl^Jl ajjI— i! tijLjl^ljl _ \ 

. A^jl .^~4 l) J-^ l 0^3 4 Aj^I .... 7 .4 ^ Aj jl ...To L^jLjLS' LuLy^l _ T 

- Aj jL^JLa aJUI 0^3 AjjI ...7-4 J>\ ^y» AjjL.,74 lIjLjI^ L >- ^0 lil _ X 

. AjjL-14 0 j£* (Jb»-lj) ^y\£ iLlialil olljlSCjl _ i 


(31 ->j-*-> < y& o j->- ji I ol>« — JLi i oLp j->jJlIj cjlj^L^ail ^UiJJ l j^ >: ^: (V) 

5— j>UL| 6 j^Udil ^j-6— J t oLkjJa^il (j^i*-; t (j-A^-S/1 A*J ■ aaL^- j-^aj (Jj^ (^—-Ul j y iJl 

J j-illj 4 ^-1 j p ^-*bJl djJtil (J- L. Heiberg) ^*jIa . <J . ^ ^ ajaI^-1 ap 

■ f U &\ 

■^ 00 y 3 < ^ £ t4 — (a) 

. A . .. fli j * a\ \ (^) 





*UJ cJLS’ Jlj La oLaJ-Sil {jA I j_A jlj 4 4 _!LjJlA-I jJajJl Cr*J 

. UxJulil SUJlI j J ^j\z£ J* cJuaj ^1 fj\ 4 43 jjlll LSLaJI LxJl^Jl 

^»LJl j jiJ! LI Jj J-j U-jul$JI o JL^J J-xU ^UaJ i y^ oL-^»L jJl *LJLp ^SUij j 

-LdJj 4 oLaJliil ^Uaj J^J Lallil OOJ-l^il ^zi\ ^UaJl UlA JlLo p-jJL Oj J J^c. 

it~>- 4 (Lobachevski) cg £.^L*JLjJU LJL$!j]|» Ujh^JI U>- 1 J>\ 

doL^o o US' $ F o^^LaII I.ap La ^^x-lJlj^/I *LaaJI lLjLp y*p yj* JSL L.mJt.1 I ^ 

. ^ 4 ^xJlJuJ ^^-1 cl^LxJLLA 4 a>- 1 Jj 

jULL . j j ji SJjJ <jLp jU> ji j ^jlJLI ol jl Jl>ciJ <_£ jJLJI JJUJI ( /jSL! j 

^9 c-> jSi ^Jl LjiajJl cJU oUxUJI j j ^L ^jUii L»Ip L^lL j-*JI » U JUll 

. j j*aSi\ & ^uli ^Lsai 

J^JL ^JJh| Jl 9 ^Ja.«.*> jJl jj .a w Jl j <ajJL 5 JI jj»/a * ll *ULp ( j-a JbJbJl jlSj 

^Ujl JJ, fljLiVl 4 jlp Ulj ^^Jl <*S jil LL jlaJL I^ipUa Ux V a j^LaLL 
c-jIi5sJI ^ Y A UaSJI) <U*£*JI Ay/a a 11 ^jlLI JLj ^ 0 Ia*ll jl* jJl Juu ^UiaVI IJ La 
4 j j-iJ j-« J jL>- 4 La^JLaJl . Sj^LsaII JJ S3j-*JI ojs ^ J-aS/ JjS/I 

UJ . AL*j~o£ l$JLp jJjJl Lalil 4 L$->- j_»A j |» J-Pj V 2 j^LaLI jlJLo j ji JLa 

‘ <Ljj_*Jl cjL-m»LjJI ^ j j j >a * ll o j->* ^^pLmAI flJ-A ^j-p j-«_> 

OL^LJI pLJlP J^l 4(ja\YVt - W ' \) Jl ^Jj| jl 4dVl i^a 
«LaL*Jl |t-JfcLai|)) A^> ia >V LjJl>- Lc>* 1 J^a jl 4 ill—ll ftJ-A I j— < ' — } 

j-* Up V jl 4jI ^jlJLJ aj\z£ ajIju ^3 jlaj . Ljj cJL cjIj^La^-Uj 

4 S^jIjlJIj ^ 5 ^iJll qUJIj JaiLlj iaiLlj ^iaiJl S>-y jl { j/>jjA ll 

jj^j jl ^lU*< ^1 ^Jp Uai»- jl>-lj jlj 4 La jJa— a ^Jp j! Ja^- ^Jp Laaj jU^-i <^1 j 

^jJLiV LJjVl oUjUII r LUl JUrL ^j-kJl ^jl IJLiLtj . (n) LLiJ IjL. 

I ^ La^Pj 4 ^. ? a^U J? jiajLl j jJaiLl j JjaLiJl (jUlJ oJuJa- oLp j-s^j^u 

. Jj^.S/ 1 j- J jVi a* jA- 11 

UjUL (_$JDl ^jJL)/ J j+&)l\ j*j£ UJj-a jJaJl jlSLl Jij 

Jbo 4 ( a\Y < \A jaUJl^SUi V L5L! Ju^l ^ ^a^l JiJjil jHl .U( f L^y 
L*- J-ba JJ jl^ 4«LJjll li-A jl Ai'jll ^j-a J . ^ J-LJl 5lij J-a j^jU-Pj £_Jjl 

J-jl j-ft lUJjll UU jl £c->- J.1 t j-a j . 4jjua^U jJ*-T ( j_>» 1JL>-I J jl5" J-L-J U-S^J 4 ^-^xjJaJl 


(jliLLSdll UljI j!) or-jU-lj <UIjl)I jLjjljJl j j£j «>U>V jl ^ai LJ ( ^ * ) 

. ^10 • jlij! y* jUskl jl*^f* j^xjl—i* 

l a ^ Y^Y t[.j.i]i jljJ?) 4.#i U|)l |jp ^ ^jxJlJjJ 1 j^xj-LlI ^ *!-*-£ (ji^Jl j?** 2 * ( ^ ) 

.r^ t ( r \AA^ 



( j-»j . Apl JU p jA aJ aJjLp ^Jp JL >-1 4 ftjJl j olij JL*_j ^Ul j_) jJl jJLs^j 4 jJaJi 
c aJU j ji\ AjJaJl ^IjLpI j Up j c aJL^VI aI» jlaiJil ajIiS' I j^LpI ^jJUI ajS^I jjib jl 

UJtJj^JJ (J\ a ^ V I 4 ^^-mjJaJl A-*-urfl jJl 0 J 4 I j^_**» I jJa Jt$ 

Jli ejiJjll jl |» $pbat Jajj . jJaJi ^jjJlIl jj » A^-l j>- ^1 ^jJI jJu^? ! 

. jkU ^*>LJb| ^ ^ wn ^-%*« 1 L?^l aJLp f-L^JLuJl j JLbl 4 jja.ll olij Jbu 


4 ^ j_>j 4 ^j_-^a_j iw->Li5vJl IJLa jli 4 * 

^ SJb Jb»- Olj^Lstf-^ olp j-si> jll dip jSjuj 4 a^JL^JI objlSOl $y>-yi AaJLcdl ljLp js^ jil 
Sj^Uail ^^-P jL* j-Jl ^jLaljLj) olj^l *,a » ^J>P jjufrlj-Jl ^^-Islaj aIJJS 

J/U&l yj CjLjISUI 3 j_>- j C-»lj^L^a-4 jl ^1 Lsiul j^JLjj . (®oLjl jlil AjjJaj® AJllJl S j-AjsJI 
Jla-p jJfcj ^LjjJI 0>J £*bJl S <*pb£ j-* p~~JiJl JbJ, olj^Lva^ 

^jjJiJl (wJa3 j 4 ( j -JLp ^»1 jJlj j-*l-P viJliJl (1) jJaJi) (_£jl j^jJl 4^«.l a aJ -IjLp ^Pj-^ja 

. ii < U 1 1 ■ 1 - A. 1 1 


{* jJ* Lx^ll^ ♦ b* J L^JLp ( J . jUtI Ij A-J llS* ^5 4 -j^Jl ^jjl 

J j-pl/l ^ ijb^ il J l>- ^bS'j J j-spS/ 1 ^ ^bS* ol j^Ua« 

bbi*xlj . AmxJLl^JI <uJl*jdl aJLmAI apL^ ^p ^J-<»-p ^ jp ob-^Uj ^ILp JjI 4 a-jIa^ 

4 aJL>- j 4 JLi’liJl Jii aJI Jllll AjIiS” j_jl jSi 4 J j*S/l ajLiS” ^1 

jSbJl (j^p ^ o j>- j^« j ■J' 3 j-bji-1 j oU-LAl j o U >.. > Jl 1 oL5G ^j^- jJt 

^ y>- j j-».^."Il (1)1 j ^ ^A**/ j-*JLll ^L^»>-Sfl ^jP j la * 31 

frb_*iS/l < 1)1 1 JL £ilj J . ^L-^L jJl frULp <l)L»i AJL« jjLS'l AjS— ta*< I <l)Lt j_fc 

jl aJLpxII ^jj X>- y c _ 5 jJ 1 pL-iSflj 4 y\ j-^-L JL>- jJ ^^lll f-LJ-S/l ! jjLLli ^1 p^wJlj S^j_5^-jil 

^Ju^- U LJLp ^1 J-^“l j'i/ 4 <JL*JL>- A^jli J-P (J^l JL>- JJ ^yJl frb-iSfi 4 JbjP*-JL 

^Jp J Ld>- 0^ y>- y» aJLJxII ^3 0^ j>- jll ILL) . . . 1 ^ »tS yA < j^Lo jl j j^ 4—^3 1 jll 

:°°jjL^yj^ v a:!u,^l^ jl^i ^ jsbji jS/ 4ji>o>)fi 


oLjl Ijdl 4jjikj 

ApJLlII ^JLbl oj^l ya.* AJLA ^jlJl 4 ijjljjl jjdl Aj jJa_> <J j_>- V I jl 

ApL^ 3 (j^lj ^*jJl J-^AlJl jl . AkX JtLgJl ^ L$Lil*^lj Laljk 1 jj3 LJ-aJ Jli 4 


zr-i J^I ^jOii ^ ‘r^J’ jt ^ : >' or) 

• V t [ . j , i] : OU - - OjjiSo ji) J j. ' .t j ^l iLl^ jU^ . ijl jpjJ *jy& t a*JL»p 

. r ^ 1 4....dj j.L,f?n ( ) r*) 

.r ^ . r * lt _i; jxali (u) 


o\r 



t cu3j ^ c-»Lj^-Vl <JI cJuJ>\ L^l < Jp Jju L»jj U j^p iJjliUj oj^L^all oIa 

oIla ^11 3JLp ala jJ (jLjjj-vtf (^1 jl Sj^LMall oIa jli 4 ^£j 1 * $ *j 

jjP llJ ilA^a Lillis' J I Jj^SlI ^ J ji\ v b£JI Ji>yrJ\ oUJdL jJL cS jl\ 
AjLUjJI Aj jiaJ A-ljJj 4-LA jll lLLLj jJLJ tww^^Jl IJL 4 J j L . Jj V I t^LlSUl £j-Lj ^^11 

^ t Lyklli I jJLis ^^4>j ^JiJLSI o^)L-I j . J j-pSll y« ^.iLJl l_->Ii£JI ^ o- j jJLil 
ijjJflLi] SjlpUJI J-SLijJ LpLJI ^uslj jJLSI aj^L^o jp 4jjLil J~i jJl j ^JLlI 

. oljl ydl 


t lUS JJ cob! A>l 4^' Jli L# j oUipNI LuSlw 

f ^ ^ * 

jj^j jl ( j-Jj . V SjuL*A-U Alsl^i! LLsAaJI y* 4 lUj j! 4 o 1 a ALA jl »L«ip 

^Li-I jjt*s> 4 JL>- JjT <Jp j . LLsplaJ! oJLa L£JL>~y L*U- jp ^ui uj a~U jla^»jl 
^LoJLp a--SljjI ^Ul UaiM jl calls' ol J^JtiT La ^jl L y 

fiLuiVl |*^*l (Jl ^yUlil OjlsA*) OUJail oJLa jl-Ay ^3 jj-L>-V 

: a 1a ^ja a~>- ^UU ^*p ^uS uSj . ( jk— jl ^1) «1 j-JLll jp A~yll ^LJU 

$ AyL-JL)! V *ly>-l Jl H N lyl (^t AjLji V L« <JJ oL^Jl ySlj (\)» 

jU-jllj jUklill jLa->.tf.l. ..ll jUal-l (r) ^ AjLjA *)l L* (Jl laj>- (T ) 

jL*lllj jLjlidl jl ^- r a.L>..ll jUsaiLl (!) S 1 ^ ^ n jgllj Ajjlj ^jP L^^LcuL jlJLpLoj 

(o) ^ Lft-j-jLaJ alii j,jL» ^3 IJlpLl jl J^jjLaLo (j L « l al»» 4 jJa^- ^Jp 

‘L-ftlCll jj L>«L j Jl^-J jCjjL-JLa jJt* {j£**a£ ( j-J ^j-o (5 jI^aJI A-va-SCJI 4jSpUa4 


(_^ aJL^pI ot Lfljl ^ 1 » m . \ lull Aiil^ll ^Jo-mJjI a] ^A- 4 JLuj Lo»« 3 ^jlilLL^ 

^ 4AJL ^ J5 4 C 5 > >.VL j\ it lull L.1 .OjTjt tf*Lll ^ WISH! oVjill Jp 
^ 3 lull 11 a ^^Lsl U3 jlfl^jl jj^J jl ( j^ll j^*J A^-wilsLl ^ulsl Aj^LsA-4 ^ 

j-A (jya jA ju-lLut (jlaL>* ^UUiJI 1 jJL3 4 V aj^Lsdll . 1*. 1*A-) ^1 

JXjJI j P EtfDj 5GF UjjJl) su^lj ^ U^lJill U^jJI j ^ jl 

jlai-l jli i lull ^ ^1 jU3M I ^ LlLo ■ jCLjl j ^j- 4 (Jil ((^ - ^ O 

. ( D jl) B al lL jLjiL CD j AB 


Aristoteles, The Works of Aristote, translated into english under the editorship : jJa_J I 0 a) 
of W. D. Ross, 12 vols. (Oxford: Oxford University, 1928-1952), vol. 9, p. 65a. 
j3 LsA- 4 tjL>- JL?*lj JlUIj (_£JlUj JJLPj t *dj^“l ^W^l < - pl““*J i ^l^'l *1^1 (^*1) 

t ( ^ *\A \ i (^j4-ll j^JLhJI vL»I jlll .Ji j m/t c l-1>- Ajl*L>- ! V ^ oL-^LjJI ^ O 'I— I *Ij3j 

.tY . Mj \Y* - m ^ 





4j jl jlil Ja jiari-l AijiaJ ^ j£l\ 4 ^JLiil J L*j U 4 JjVl d)t 4 LuJp JL>- Jpj 

(1)1 y*& LAj^Jj ^AJLoll ll-3 . ®AjjI i^ jii>-# 6^ i^jljlil iA-u ^ * J aJLa* ^_A 

(Jjl>- . OjjJl C-»L?^ jlJl ^3 a j ~*Oa ^JUJU ji»~l diljtz5 Ajjl JlLl J? jiaiLl calls' 

(^!>Lil J-J J jS/l . jlJLll j jJ Jl) (Posidonius) jj_j Jl_5 

^-JUt j (^^LiU (1) jJaJl) (Proclus) ^-JLS' j^-jj G}Lw*JU jLl)1 j jJLil) (Ptolemee) 
. V oj^U^il aia ^ (^^LJI j ^^ULl d)L jJJl) (Simplicius) ^ j (Aghanis) 

(j»^TT o) oL-s^LjJl ^ILp aliapl <5 ill j.^a:.H ^ ( j*«JLpI jUt -i>oj 

Aj jl ^lil Jp ^J aiM JuJlsxIj ^j-~jjLpI^ d/ 4 JS^ 1*^ . ^aJiV J^-pSf! L^liS" 

AJLjIj AjL— L gJLu J^nA-Aj 4 <L~uL> (^_£ jJL—il ^1) ^JLJll Jp Oj->- j-* J^jJa->«-S" 
j! jl>-I ^ I5J il yJLil L^U...* ^3 Ajjl^ii! Ja jlail-1 'b/ 4 ^-lIjJ 

.(>N! 

diLp j-yi> j^a O'* m *J ^ ^J^L^aLI A>wjIj J-A is j-Ia>- $ JJ>-J JL^S-I (1)1 L*JJ 

A^AAj L <.»-yS (j! Sj^t*ai! 4iAjj o*V jL>« 1 ju 'y d)l5' 4 a,^..«x.lU^/I a^olJ' ^ j>-t 

. S j^Lail *41 AiilSCa 

Jj! (1)15' 4 cJ ^jjljiJJ j-p L*j# _^aj 4(^j-^^i-l ^Lp j! jJ-u c^J 

^Lp ^ yo\ J j-h^S/I £^LpJ a_»Ll 5 ^_^ii . V S^UaLI Jp I 

U-J j . l^-*JLp £-L»liu Ja>- |*-^J ^ L« aJaAj j^J 4(l)l^a^/L AjI 

(l)^VpVl 11 a (1)1 ^IjJij . A^aliL-l SjiUall AlA jJ (j^LpVl IJL^- d^^ajLA aJp jUl^l 4 JLaj 

. oLp yj? yA aLl^IjJ AllAjJ V J 4 Sj^LsaII (JJUj ^a *^[&ja 

^-JLa jj ijiy j OjIj ^13! 4 d^aJl Ol j-JLp jjh jJ>xJL) AJjl>*il eJ-ft Ajo 

|» : S:„,,a Ja>- £>J lij Ail ^3 C^»\l5^ AAJj^a ^3 ( jl)ljfc jJi JL>-I Jbxi . A— ^alil Sj^UAaJJ d^ll^ 

li} ovI»iM jU jcwli j- JSl *-^b ^ Oi^' O^dJ^ 1 t5js~* Oi^ 

! (jl i^-*JI aJ^Lmmj iwflJjil IJla j^p aIs ^amj) LuiiJl a^JLI dill ^3 l> ^>1 

(jl ^^3 aUaa u-ili5 ^3 (1)La^JI a>oj , (^fJLlij 3 jj4 ® j^L^a l l jjLa j» ^3 aILla 

. UJ! uC^UJI ^ Jit Ji ^>1 lif Ui^l 

d)Ua^- »—jjLij 4 fi ^L> i ^ 151 ! J j-4j (^ai! ^3^1 Jp (JjS/I aJIa y ^£ 3 y 

. j>-Vt el^Vi ^ 4 LJljj 4 (jLjUl. jt) jl JL pL-Ij L^ili 4 (IJLpLj jl) dJli ia>fcj (jlp yta&A 

g H wl llA d/ 4 -? 1 J^-saVI (_^jl jJLa ^ j->-J S ji ^ OjIj d/^jH ^ oj-A Ala-urfl jjj 

ou^j! c _ 5 ^.iL LT ljjJiJ ^ JaAll ajJjIjJI A^ai^Jl j 4(1)S/I |*JL»u . A~*w<>liM oj^LsaII 
JliA (1)1 ^UaiU ^ oLp yj> jILj l^islii^l yA ^s > jJl Jp) Sj^UaII &jla 

La^^Ja^- yA IS^UajI cNaL^VI yA J5 ^^3 d^P SJb-l ^il apLju 4 ft e JpLjLa 

4(Riemann) d)L^^J a-^JLJLaV! a-^JllJI oLl^ 4 cr 5^jJl Jpj .ilyLJLll 


0^0 



Li Aj^ 3 4 A^x jJj Vi A^>i ^jA (_£ ^>-1 C-»Lp y+j* yA oJL^ij V Qj^LyalL 0~».L»x ^lll 
^ li^Uajl y-'Vl j La olil UajI llA 4 jLdatiuj jLyJL U^i 4 jl«Jfc«JJ jllail 

» iJ yJil j ^aII i a ^ L«*» 


4 ^ aJa«mm*x aS* ^ 1 ^JaJL$ . LaljC (^4 1*^ ^j^l jlaL 6 ^3 C-oL 1 Jb C ^Ul AjjJj^a ^3 

* . 
4 *>LLo) La j*_*~i (jl J^a iy t>wwJl) Lb Ja>- ilJU^I ^J-P A^Jalla i^U^Jl *£ y>- ^1 

LL^Ja^- p-*«t jj (A w la fll l ^1) |»-««» i l i Lij JlS' jl j-^wpi 4 (Jail ^P Aj3^a_p a^LLl*** A^JadJ 

A-,ilyL3l jU C lIDI £4J . JLxJl AjjLm* 1* A.gJLLwwa Ja jJa>- 3 Jj>> J 

AjJJljJl A-*xJLL$Jl J 4 ^ A— JLL^Jl Vl 4 AiJiil ^ 1 1 

Ll^si f-i— J«s- al-tt-l j* tfj*dl J»UJI 0^ c^Lt;^ fjall 

(a^» JL jh Ajjjal) # Jajjj LljLjtlLa® ^_*>x y jl 4 JbuJl Ajjl^bba l^il (JLL 4 A-Jj>*Jba Ja jJa_>- ya 

. A*-j£~il Ja jJflil y» AjjL-* 14 AiL^a Anjlj 


Lla ^ya g , u L t* «>lj c : L"....Li 3 j_>-j ^J-p ^' V ^S jJ y> o_jLj jj> i ULa a-J>I jjjL 
^yjl (wJa.Ul c<_£ jydl <jjl j—Jl ^ySLLall J ^jjli jl ^SjLJj . A-«^alil a yU^ail 
oy jJ- JJ~p j JjjJl ^jjU j-*ai£ ^jLil ajLiS" ^ (j* \ TA1 _ UT1) (Bar Hebraeus) 
y«J . ^ ^Axjl yll Ja jJail yf- jfUxVl KJ&yA ^S3 4 5^5 (JUjLJ A-jL^JII <jLo-pSfl A>o^AJ 
^3 A^jLjj-wJLj aJL*_p1 <-*s£ Jli l^lJLft-J ^3 AJLalil ^j_-3j 6 jj O— >Lj (1)1 

* cli La-j *L~Ji J j*li 4 Jls^S/I 

4_) L5 AwwaLLl aj^L^a^JJ I^Lmmx! i ^.» s 

li^UaJi J . p-j£.»+*.A laJ>- j| JLLal ^P j_^-P Jas»- aS" y>~ A-«xljJb I J-jj ■ jj-xjJLj Ol j^L^a^a 

(1)1 ^l^Jl ^1 J-AjJ t ay ^ OjU Lfj-P jl yJl ^aIxj^JI A^ yL|» A-lJ ya 

J5 jl yLoj . l^.dlM.4 Ua>- ^ ji 4 Jail Jj— Jj y-Vl A3 jk> <^iJl t£$ j^*Jl Jail 

( Jp' iiyO Jail iJlA O jJa jl L*jj 4 A^-ULU j AjjLnJL® Ua ^la>- p— x y <_£3 j -o-^- l l Jail Jalij 
ju (a*>Lpl jJaJl) jJJS ^-a . J^lL ilyx^j y»'S/l cJ ^JaJl jli 4 ^ Jai- ^Ijl^l 

Ua jJa>- yj ^ *ji2~*a Ja>* ^IJLLal ^J-P c->L>«— JL a 5 y^lll JaLiJl jL AJbLdJl A^s 3 j-JJl 

. AM*>alil ^yJLUl aj^L^a ^a aJISOi a! jJLa ^ 4 A|-LjLl4j AjjL^U 

^Ji>ti^l jSj . a<j15 LI jj aJ LpLj Lw . L * /a ^ aJL^-M yl 


Christian Houzel, «Histoire de la theorie des paralleles,» dans: Roshdi Rashed, : jJUl ( W) 
ed., Mathematiques et philosophic de Vantiquite a Vage classique (Paris: Editions du CNRS, 1991), 
pp. 163 - 179. 

G. Bar Hebraeus, Gregorii Abulpharagii sive Bar-Hebraei Chronicon Syriacum, : jJLJl ( ) A) 
note par Paulus Iacobus Bruns; edite par Georgius Guilielmus Kirsch, 2 vols. (Lipsiae: Apud 
Adamum Friedericum Boehmium, 1789), p. 180. 





(^) 


(!) 



(A- \t)^j JSLUI 


^ AJl) (J. H. Lambert) . -a . ^ 

£-L*aii 1JL* JJL* (LajL* o ^J-p Lj»1 

jt-A j-J ^^-3 JUtJ l.g-^3 ^j-pLjjJl 

^j-a 4_*_»! jJl ojijJl jl^aLj . F S 

s^l>- (ji h^^pLjJi o 
- ^ 0 JiLiJ !) i^sis jl l^jAiA jt 
jJLaJi?-Vl { jji£jj p L ^ H jlSJ *((^ 

4 lafl«ll 0} ibUll 41UA j~A LaJ^JL^^a V I 

^ jj J jj>«jdl ij-4kjJl L >«.L1 (_$ j-saaJI 

Jp l)La j-Jl ^-j Jl2 J JL*-jJ . i a ^ LLl>* 
Lg::z*~j t^Ls^Vl ^Lj *yrj 
jLJ c J * -a_lL-jj . 4— »*. .aLjLl oj^\ ./all 


j^ULA ^j-a j^L^JiJ y± Jl! jjjJl 

. L>JlJLaJ| ^L-Jt^Jl {jA aJLJIj tJtfljJl ^kiJl 4 -u-JLa y> Jj*Jl : jC~*JllA 

tJai-1 J Jp j-* ^J^LaJ 4 jLaj-j i^JL^Jl ^j! jl L y>^- 

j»LJl . 4^-f-JU Ubj-Jlp! 4 a-fl^a <U_si> ^Ls*> jJ 4 JjLa jlSJl J J-4-P La { Za J jSfl 

4 _p j_4 Ly! <Jp LyJ> jJl\\ aJL* (ML Pasch) . j» (jll'i/l ^Jli MAY 

oLS' l^J Jl^Ij Jp ^»Lwa ^4 !^^>-^a La^ a‘ Lmo. 4 Lla?- 4jLi^Jl 4 J Uj U^-L* 1^| . 4-w^ L*><! 
^L»L 2i^m ^.. : 2:««.U JaiLl ULa jl LtjjjJLLJ 4 dJLiil ^yLA>\ jl?-! iaiA Ula 

j**A> ^S>*l+A Jl3^ . (JjVl ^ivaJi 1 iJLLall 4^-dJl j*S* 4jI j\ t*jjiil ( j j» jlj ^JLy? 

. 4jJ ^dl J? JarLL -uLcdl 4Ij Jsl» ^3 4L*P ^j ^13^1 ^JaJl 

dJUJlS^j <jjlj 5^5 ^ OoL> l»^jj! 4 V Sj^LsaII 41a^j 1 <» ^:1jL>waj 4|j^Laj 

(petitio «JjJ J-p Sj^Lsoll 8 (_5 JUl ^aL.:!! Uai-I ^iljJl ^ L«-$i^Lxl 

. principi) 

jlill 4 j jl jlll J?jJai-l 4jjJaj LsAj! p - > : ^ ll ^1 { J~*^ 

2JL>-VL lJUfc 4 _»Ls^ ^3 cJ AlS'l AaS ciiJj) . J ^spSfl ^3 il Jl> 

j^“ ^>L y Sj^Ui! JIjli^I jlXaNL 4jl Lt^-!AlLj 4 JjSn A.liS' Jl 
(ju jlj-a Lj-$L> j! j^J?Lii4 (jjaii- 4 j^^i ^ <^f*j 1 L^$”lj^ J Lw^t>La jJLS "! j 

Jail ^ 

^ >a La ^ j*tt 4_»LlS” JjMl *** 4 JI ^L*iLl j a P Lai 


.Yo ^ c4JUa £/*-j ^ c r , * A ?Ll v-iLS' j^l O^) 





(I) 




. \Oplj JSjJI 


^3 Cj[S j £ M { j&*J aJjLwIj pJL^JI ^jj( (jLfcjj jULoI JuLs c 

j c iUL^j j£\ [a j-IpI £ J>-\ ijilLiAA (Jl ^Ll-x'yij V oj^U<all 'jA jij L^Jl^Jl 

tlaiM ^LiM i— JJC- 4 IJl^Aj . ( jL^j!) «iJ j.* < JL.aU SJjLJI 4.,o~ftjL| £^ljJl 

-llp oLlwU aJ £^^>1 4 Jai Li-j j . aj^L^I a-^Jj( ( _ y )ilfl. > . U 

jyw jL~l l l IjJJ Al^ftl! A^Llll oVIa^-V) AjjL^JU 4^JL>- aJj 4j JpIS 

(pWVT. (G.Saccheri) ^((\* . \ 0 O^M 1 

UIp 1-La diJjJ i Ajjl^ill Ja^Ja^-l ^jp o^Jfiu ^yi 4 AJb £^Ls<?Sn <>> yp^j 

oji’S Jp Ll-J! ^JUI ajJl^ Jl blu~-l 4 )1 ^1 <jl5j .(IJla JUajVl oL-^L^Jl ^Jlp 

. Lw-aliL-l Oj^L^ll ^A jJJ «b“ j&A jl Job- Llj^Jl dilj <j j£j tj^ A-Jl^*i ^j^L>0 Jli 4 Li>L^j 

^ylll 4 4JL^pI O^jV ^yij • jl jlil JajJaiM Aj j)au ^^3 LsOjI (Jj y^-Jl £3-Xi!j 

^ i-jjj iil^i V Lo JJ jj^Ull *c5j^ f jl jJ 0^ 4 4^ii) 

. iU-i^VI ji jLaiL Vj jLjij jjJLUI 


4 (JJUlSUI e^jJL*j cJVJ-1— I Jp j-^Ji c-iJj^a lij JL>- uLJL l Sl ^Ja .4 ^ 

'y U JJ o L ft^Ul a5j^ ul^-a^fL Ail jj 4 aj jl jjdl Ja jJaiM ^ j^rj 4 (_£ jJl 

I -La jl JULl*-j ^_Ji I -LgJj 4 aJLJl! j^p iL^UU cJJjll jLSCi! ^Jaall JjllJL^ £ ajI^. 


»X3 4 L%m^L^*I oj^Ls^all WAjLa^j® JLLpj 4 ^L«iL| <jl Lft^ J ,j^S"-ill u_iJjil ^1 ^pftJLLj ^Jajdl 

a:U 4 ^ ^ L. Jl a5j^i 1! oLftiLl! Jp 1^5L> 4 ^k^jSl JjVlj ^l^Jl till J^c^l 


. JUpL A3 jaa ^Jp jb ^L^Ll ^L^yi J jJSjiil ^jA 


*\s 




J*»-p JLaJj . ^LjM I jl Ji Y 1 T o) j^/LJl jj-j jJl ^L~>- <1 )Ij dA-J* *)} j 

AjLLL>-j d)li-^s^l>- J*S1 4 JlLJl IJLa Jp J jiil a^LJ— J JL ruj 4^jjI ji>- ^3 Vjl 

jJLa ji ( j^JlJj| La ji'i ^iil 2 j^LaII (jL-jJ oLa JJLa j^/L-Jl <w*iS^ . d)t>- j-a 
V Sj^Ui! <jU >±yS\ y .hjjtt i »>iLL jJUli U ^ Jj^l ilUll 
OJL>«JL^I (_£jJl i lLJUJI Ijd AjLa jJ y» Lo..^ (LU- t ]qs*- \ (j + t ^SJjI ^ijl) 

.jVUl y i ijjAA ob \ iJu cJJ y d\ 4 f UM 

J-o-*_» l «a >1 U-»JJ ^LjL-l LajI j_a |*JLp J-p* jJl j- dis* 

Ja*pI J^ J ‘ <J^“ J-* y 4 Ap! X*0 j* y j^L-Jl £• J*-P -^Ai • J^bJl 

ULSJI aJL^JI : JjVl 4 ^-Up J^ ^ dUij ajj! jdl JpjkLl ^ a^£S ^>11 oi^ 1 

I JLa j 4 ^jjij * (j^ J 4 Aj^IoJI ® J-$J L ^ AjjI ^ lll J? jlajLl ^3 vlL* JjP 

^jbS" i yj ■ aJjU A»o_£«4 obljj ^A ^ajjil (J^-«A 1 J CP^ AjLjI^-I (/ _>* 

«(Saccheri) /j^SL* ^Lj® tpLjl-lS' 4,^—jJaJl (jjjDjII Hr* 

l)1 J -jj 4 . . . c±JL* -ujLlJI aJLwm ^J l y j . LLJI aLljjj aJlIaiII oU jjjJI 

hjljlll A? jJaiM oLjJaj jJaJl y> yl~*j 4 a j^l .,Aa U L y>\£-\ AjLAjJ y> yj 

l)Lajj ^ A*jai \ Aixij J*Ajj * ^Ij (J j-Aj.i-1 Lf *— *j 

oljiLsA-4 y ^- i .fjl j-jl Jl-J y l ^ol * il jLfc ^Jl ^1 jl . ^ j-A^i-1 

I Vl ^ jl J ^-iP^/l j* ii j£J» Jb>- ^5 ^i Ojaj ^1 j . 

Sj^LsaLI c)La jJ as j^L I ^ pJL^JI of u_3j^u rfjJaJl (jlS" <JjJJJ . (Jj'b/I yM 
oLom^Lmm^a oLia^-M i aJ jii! ^J_p j^>-S/l e-»ti£Jl jU jj d)l Lla^ aJI jLj . V 

A>llllu)l JAJbJ |»-t* ^ Ji ^j-)! JlASjIj MJa.i-1 yjd jl JA L)j^j* (1)1 N (l)L*Jpl- 4 X>a 

. aJ jilt oJLa y V ajiL^ail 

l^aJi ^1 LUaOJl u_i j Jii . Al^l ^Li-i (Jyu ^ |i bJJiS'j 

^a ljL-« A-^Mftji-1 ((^->- jlll) j la .^*jl) Kuj j-JLJl (1 )j^ 

La-S^j . ajiL^ail aJLft l)LAjJ JLLP LaL,^ L1a>- AjI^jjI ( J-P . A-m^ULI ajiL^ail 

S*\* iliiVl IJl* ^ ^ 4blj 

AjLi 4 A_mij9j j-A 4 ^ «/3 o LI ^tfLsbl aJLa^j L^»jLp 

* - ^ 

: . .^> a .1 I ^ Cy y y* y 4 bJJi jJ oU^l . ^LiM y LUaaJI y Lsajo 

li^L>*j £>- s^LpNI eJ-A ( j^a <LjLl)I a * ,,s» 1|j ^ jLa j-Jl y* 

0 j^Ua! AlilSba Oj^La* L y jJaJl ^JL^wL^ ^1 4 . . . A^jLiJl aLya jJl Ajllj-a 4 ^Lj>Jl1 

«petitio JLj jJL*jo Lla_>- 4|1^ajLmJI -^ « 4 II y» 0 yJ*£j ii*«-aLibl j j^JlJL 3 | 

a!Uj J IkM IJLa JI ( ybLl j-aJ ^jJl |Jlp aJ aij . (« J ji Jp Sj^UA-a») principi» 
aJL- jl I y a — alii- 1 Sj^LaII jLa^j JaIj yj L (J^«^ * l ?** jkJJ [+&>- J 



<4 ««■> £ Sj^Lsa^ j^ipL c^JLiiJ jij£- « — >1x5^ . . . . 4-JLiJl 

OAa-JL^I LoAu SAjIjJ! ^Ja-dJl <L)L>- aj^L /a a OJLaAA*!) L$A« (_£ jJI L$_l5C] 

I j-ij IaSCaj . (^daill AjAjI j A*-jAJ^J|j A^UJj&^/l <LxAAgJl Jb*-I j C-A j ^ jJaJl oj^L/ 3^ 
tdl^l 4 Aj>-!j j . 1 ^ 4 oJj>-IjJL4 c 4^*JjLw^>s Jsj jJai» OJlpLj ISU I jJaJl oj^l 4 

. (T 0 «o*Ui- lil Vl <\2.'i\ IJL* J V jUill l^k ^JU 

*LnaA U ->-1 (_^jJl j i la-l.l Lla_>- k — 1 J} .1 1 ^ ^_S Lai 

j F S j.»UU j^P jLJl 1 Jjtj . Sj^L^ail (Jjb J>-\ l)Lj ^Ap^JAkI AJb 4 4 IL»>j jJLa 

AI^J . M j** ..<a ll TjuIU tla>- ^jP^il IAa 4 Jl*j 1^*3 j 4 dUi • <aI-A jJl 

O^aI jJIj A^JLljV 1 otjALaLl J oLp yj > ^ll ^Uaj Jb»-I j C-Jj ^ j <U— L*l aj j-s*a_> ^j>-Ij 

. J ^S^S/I C-jllS' ^0 LUaS SAp ^Jp 


. oLjl jAil Aj jiajJ jjJalJl ^J-P J^JL» L#jj ^3 j jAaII ^llS' jjl JlSJj 

J*p. ^UU a 1 )j _4 (^V*r . HU) (J. Wallis) ^Jlj. ^ AiJ 4 
(Z)w cinquieme postulat ^AJiV j-oLJl j-a j-^aU-l JbJLxiilj a— *U~I S j^Uoli 

oj^LsaII jLa^J i-JwJV a^ jJ i et de la cinquieme definition du livre VI d'Euclide, 1663) 

JS' ^JLlil ajLlS* ^ jU jJl IJU <>» V 

(J ~ t iSI <j1 jJLoj i \ VYT j»Lp jjJLJlI ( Euclide debarasse de toute erreur ) Ik* 

^ja ^^pLj® L! AjjJLdl 5 

|j-A ^j»p L-^ j-p aJL^pI ^Jl^-^I a 5 I j_A ^ j-p^ll jJaJl |A-A 

■ ( <yj o* 


p — Jill a~-*UU Sj^Lstf-JU ULfcj-1 UajI ^»aJI c-Joi c _ 5 ia-P'I Ai j 

Ua>- 4 *La-Lp J 4 . LajLx j ^ 5" Ail ^Jp y*ti jll A^lJ^a ^yA ^^Al^Jl 

• (( <J J* 


4 C-*l jaLsA^JLJ AIpL-s^J A-s^I^“_J 4 j-jl AA-«J j*->' 4 J - ^ «. I | 

AAP ^1 ^UU JUp^I J! AAa f ^P>l ^>1! J-Ajij ^ Jl v yl 

.^>11 

j»UAJh| <A->IjjI jAil AjjJa_» vA->3jj>tl—ril 4^Jta9Sfl 4 lA^^j 

^j_p a-L«JL«Jl ^J-A cjLLlS’ ^_<LJL$sJj <l ^jaS/Ij Ja-^j'yi ^-AJI oL-^LtjJl ^L^-Lp 
P^Sfl r l^VL r Lilj ^1 ^1 •Up 5ftL‘ Jiij o^l J <y*'y 

. j -ALp (j j-aJI 4_^3 4 ^ j-wj J^aL^JL ajl^o^I ji ^jJl 4 a-^aa^JI ^aJI Ia^J 


.1 ^ 4^>JI (YO 

. ^UjJI S^aJ *jA U lliT t(_$jl ^JtJl ^AJl (Y ^ ) 



i y>\ U y* j3 4 £^LpS/I c _ ?; pIjj cr ajLaJ>- j* ^Xj>\ I jl jA ^L-Vl j 

« JLjIjJI ^Jaill A.*..Ug 1)) JjVl oLa jA\ Jp jl£ c yC»A jl oiL>- LaLIjj ja L a *. i ol 
lL^jIS ^j-a I jy^ (jl (_£ _p*S! I JLt\ C« • • Ap^id-A^fl A*xJJ*^JJ_j 

0^ j 8 3 1 A^A® ^/l Jj o^Lx^/l j^j£j 4 l*XA . L-~w®L^-l ^jJLil ^ AJLitiCdLa 

lUJUII ^3 LI jjJl ^jj±^~J Oj^Lyall fljjfc ^Lla Ufljj l_j-aLSI J-5 f-La-LuJl *^/j-A 

\jJ\Z j*A\ oL^ L j}\ fULp ^jL- 4 oLjlj-iil LjJaj $JLo-pI (J^U>- 

^J?bll laLlS' ai_*_^-I . 4_m*jL i)l aJI ^3 |» '^^1 ^ ^ j cJL*-p! J-p l^-*xb- 4 

JjVl a^jjjSM aJjUIL ^Lp ^JbJl bjti\ J (Witelo) jJlej JjJ^Jl jlUJl fli c^l 

^3 j . Lj ^ p j^La* ^j^a ciLx j j3 fll>- jZ~~* aJjL>*II fljLfcj 4 OL jl jlil djiLvO-a AlA jj 

^JUl 4 (Levi ben Gerson) 0 j+* yr & ‘ <jb> >$J I jliUJl jJxp! 4 jJUp ^1 jJI j Ja Jl 

^ ^3 0 ^«<iiL<a l - -.^ * (_^va ! jj 4 LajLx ^aJI 4 (jj b » x ^[ 1 j~* s ^jsjl j 4 L%j j3 tm-j ^3 ^jxLp 

JJ L^pj la *jJ»I ^*A«JL3j ^ jJ»i d)l Jl L5jb»» L ^-<^1 <j! t y y* A3_j • | *> ** $ ^ ^j-jl cjb— * 

tULx Vj . ob jl jlll Aj jJa.*.j AaLcII ^SL- . ^ oL>ilj3 J aJb aS 4 c ^-x jla Jl 

^ J y*& j-iJl frL^JLJl Ip- jia ^^lll ^j^l ^ ^jjUalJl jl ^ 

4 J JjllaJ _p 4 ^ j>-\ A p- ^ O j (5 Lp Ui’j 4 Ap ^ Ja— jJl <jj jiJl 

. oJUl A^l <J (jl U5 AlJ^/3 


o^pfcJI 

L j-i»l jlaJj . a^jJlaJI jj^aji Jl ^1 Lx Ju^Jl pJlp ^ Aa^jI^II olS" ^I jL^lxI 3j^» 

^jjlj S ji ^jj C-xL l)L*-pS/ LJjLj (jjL— ^ ^3 ^yla-^ jJl (jjjDl ^3 ^|JL>wL«-'yi I JLa JlIL* Jl 
J->1 Lrll j a£ j ^- I ^|ji>fci-xl (jlS’j . L— aLLl Sj^LsaII M(jl»Ajj® oJ-Lp ^\ ^LjLlj ^ Jl 

A-j3 jl (_^jJl C-*J jJl 4 3 ^jlJl LLsaJLII <jpl jJ C->bi-L>“ ^J-S bjpj-* 

. aS" j^-I OjJJjjr L* a J I ^JL^vJLtxl 4 IA^A^j . <Aaj <1* * *~ **j> JLd olj^L^ailj <JLj Lp y+& ^ll 

. A$" A la A«.l ^ AjI Ja^-I Jl 

^jxjJLI J jb~ j 4 A-^L^JI ollA jjl IS jJ>-\ ^IJL>«JLxl JLLoI jJ j L *xjt (jl JLj 

ji 4 oijp- ( j-a f ®JjUali® ^jlll o'j/l^-l 3 JjP ^y aA a’l jj 

^ijl PjJu Jb aL^JI (jl ijP' (j^UVL AjIj jia-w^jl jjj Jij . LIS’ Ia^LuImjI ( jj» 

(_^IjjIj . ^».»^L| £jA ^jl ^Jo-mJU LULUS' j ^)a.»>Jl -bj^- ^j- 4 -^^“1 -b jf-J ^ Jail-1 ^j- 4 

. Lgi* ^ojS/l lijIJj j^*-fcill lijI-Xj pdl ^Lui-xl <*-xLilj 

JJLaIJLI ^jJ«i AjLS ^3 L^JmP e j^aJI ^LcLxI Aa-L , Ij^3 ^IjIaJI jl^ 



.AJ ^ l a 2* 1 1 <J> J *. J JlSPj . ^JlJLSJ {jA JjSlI <L)L2il {jA t j$\.+/2a 

l«LJ jl <jl JJ J jLaJl j ~-^± 4 1 lj ^ia-**JU j Ja^JUj a la a \ U 4j 1 JuJL£ ^JLJbl 

I ^jP aJL^3jOo C 5^-? 0* JjJ ciAJ3 Jjw ^^lil ^ >«JL| 4-MrfljJU <3 jaII 

. <Yt) jpiaji J j» jkLi ji i coiAJi ji 4 ^ aajjii 

^^3 a3jp*^ 1I (^j^-S/1 0*1 JbJL>oJU aJLLs£ JULP <^jbl J p J jLflJl JajL^-j 

tL- (ULl cJJL-51 4l^P >J1 4^j ^ U^loJl j . J^pVl ^ ^UMj JjVl 

^ l l Aj 1 . . • ® . J F’LmmJ ^£3 |% < a ^ 1 1 ^jjl V Aj^L^sJlI Jp ^»AjlLl c)La ^J l i t jA 

vJLLi ^jA iiliA (j-J ajL *1 -*-1p IJiSJ* cAaS’ ^J- l b j «L£ _J-1j 

-L> N A_J J 4 Jp Vj 4 ^c Ja ^» Jp iSj"*^ b ^ tjt 

131 . U la +* j! JaA- 4 aJLp j 4 La j*— Jp JL^-I jlJl y» Ja>«JJ 

AjSJ>* ^jA 0 (jl JaA-1 l. 4 «.SJ a ^ y+£ULA J ^>oJl JaAl IAa Ap U aS^L 

. ^ a1z£J| 4 3 y>-JJ 4 jP ^>- 4-i jU~o A3 J>-JJ fl jP (^Ul 03 _^!l ^ a]oAj 

a^+m JULa OjjL^^ 4 *oj J usJl vasll oULJI A-bJp ^A>o«! 4 aS^A-I Jp jLp^ 
o!3 oUl y*Vl JjUaJ Jp (Democrite) ^La; JV jli^I jiio . a -3 

jJN\ j\ ^Ul ^ LpU- Jp ojLoll oIpUJjVI j oIjlpUJI 

dJpLiU ojljil ol‘ SJ^li J?IaJ J5 d>^>- 4jVjiMl yh j 4 (Affine) 

. 5 ^\ ejjb ^jfi> IaJLiu c, ^> - j-JCj 

( Des spheroides et oLJp j 0>Lj jXJl J j->- ^ ^ JO> jl c*o>l 

^JaS Jl o-mOIL a jj\i jPj ji»-l ^yaJLi Jj y£- aL^I jj ^LJLaVI <-?-! — w« kconoides) 

cr 5’L>oJl j-a j 4 ^_>*T L -i Jli LAjI (Apollonius) ^ j-J jJ j-»l j»JL>oL-^l j 

^ A^JLl^Jl ilCiS/l ^ A*}yA ^ 4 6 jj\±> (J ^S'LoJl j (<J}S ^ll -uUlJI) (Homothetie) 
M A-La D JS* 0^> jQ... ^ ^ Jj ^U oJli . (Des lieux geometriques) ^^oJtl 

c M 0 M' = k.M 0 M ': JlsJl JiLJ! Jp MoM' ^iiUl IjM ^ M' ikUl Jl J ^>o; 
4 a jjIju ( j^S‘IoJIjj . (( M . \ O jtij JSCjJl) a: ; ~J ^ kj ^UoJl 'J> y* ^ M 0 
: JlsJl J5CJLJI Jp M 0 M ^SsUl Jail ^ M' ^aiJl Jl J^o; ^ yJLI J M ^ 
J£dl) ^Udl syb ^UJi rj ^bdl ^ ^ M 0 ikaJl ^ M 0 M' = t^/M^M 


Abu Nasr Muhammad Ibn Muhammad Al-Farabi, Al-Rasail al-riyadiyya (T Y) 

( Matematicheskie Traktaty), traduction russe et edition de A. Kubesov et B. A. Rosenfeld 
(Alma-Ata: [s. n.], 1973), p. 239. 


AXKWQ y* c^JLl f ULl J5 Uj i^ULl (YD 



0\ - U) fij JPUI 


Jyfc ,((\Y . U) 

(Jl *L«-. L:„...ll Je^Ja-iU 
* .Pb J J! .Pb-^b 4-+.. : ,g.L^, ,a 

1 ^ 1 ^atAJ Ij 

P </» ^ Pb* J! yb-»Jlj 

(i! cr^b i^UJl 

. ^ A - A * - - A b L»*> - 

jrJ-P J-P OLS" 

jl < j_A^-jj oLJa-xil ftjufc Jb^_i 
(iwJLLfl! c£L*S/l) -UliJl oLiJL* 
dj <Jj— > * « > (loci) (_$j I .^> i l ^^j—5 
J-p aJNjlU IpJL^i^l ^il! LJL53I ^ «loci» j . (j y~A\ ^ -ULD oLiiL* 



^ja- jJjJjjl ^Jl-A-J ^1 COtlpJj^Jj 4 jL 5 ^ (TV l \) cJa^jaJLj . Jj\jli\j 

^yA Ad J^LflJU C->^j->»lJl 4 JLSt^ ^J a. 2 . » j ^tJJUhL UajI L«J1j Uwm ~^« 3 Sjjl Jj ( j^L*lli 

^£> J jJ*A\ ^JaJjJl jiai £>a p < 2?,..Al l $ k>- kliJ Ad' Jl L5 Ja-^4 y ^~j» 
.+J\£a ^ J! (To 4 Oj (TT 4 ^) LUi]| .Mj jlil J^LlI 



Lj- J jp*£ cjIijISCII 0JL4J *LaiJ! ^ j! jiwi ^ aJJUI jj 

• •* # * 



* m > 

U? (J t aJLLaj j oJLaj) 4^11^ Ja f\^\ ]p jJaiM 

t h. JjJ $ J«-§ {jA A 1 * * I ., . A ! oliVjJVlj CjLS^ j-^-I j . (aj jl jJL* i? jJaJ>- Aj j! jJL>» 

obJUjJl ji ol *ja 1 a : llj i ^JLu^jt J_J ^ aJLajcLmII o ^Lll obJUjJl J\ oLaLaiJI j 
£-a j\ £Ji oJL*L*-1^ j-»P a Js> jJsl>- ^IJLl>a| < Jp J^LfljJl ii 4-LSlll 

J 'jj£ J* . i-iTUl o%^>a] LsLtL^I oVU JiLiJ 1*1* ioLSWJIj 

(^1 oU>}[L i blj . fU^lj <i>» la ...l I <JL£j*S/l ol>L^ .laiajf ^jJlj 

J~-. Jp oliV>Nl J ^ US' il^JU- Jp fl>^flj oUUl O-JL; idiJi 

. (Isometrie) L-jU; ^Jb Jilji! ( t yifliJl ji) ^iJldl Jj^iJI uU tjbil 

oL-jUJLjj A*iJU! O^LjjnjJL jL-w>» |t-Jhijjl oJLuL>>j S jJ C^Ij l)L>C-mjI 

4-s^iU lp ^iai iftWI ^ksll ^ j ^ iJLu 4iJj^ ^ ^-SM Ula ^ jjj . o jjlil 
dJJSj t 4 jjLi>-! AjjLmJU SJtflj Ip ^ la® Uajj . ^SijJlU j*£»Lil ^^aJLalll 

^Jp J o jjljJl ^4 ii®l jil J^LiJl ^ja U^UojI ^jA <Jp J j^^-L 

* 4jjb*»l4 oJjij £^iadJ o A+jl£ SJjIj £^ia® 

o^jb bj cl ojjb^ - v^i «p ) L^JUlaI (J oL-jLaiJ! Iji ^ c-jU ^JIpj 
^jA oU-la® jl t yk jjj . iJj gjlaJ ^ LpbS' 4 jL^ ^ VS l^pbcJt 

« 4_flj| ji! 3 jjljJl j> 4j>-LwJkl fj^Jl JJ oLxiaJ li_A A i a^ l j_> J ^-LLaNI 

oJla cjli ^i ^J\ jib (\r. \o r 5 J j^Jij 






^Lmm* <jLk«k*< ^Jhl ijjl jl la >~^LkJ 4 1 

y* y^ JjV I A^aiJl ^yb . ^jL^-l *yl£b ^L* ^ ^kUlj oU-Lki La)1j 
J& (J L d_^ J ^ ^*-^1^-* ®jj-*^ l ■*.$.»* jl^Ij t GHJIK j ABCDE (j\j*JL-kl 

jL^jj jliJl Jl ^Lk-* JjI o-Lwq <L-~J ol ^yj k((M - U) pJj j£AJl) 

. IKG J ADE OitUil us±il oUL. 


D 



M 


K 



(!) 


Oi . \0 r 3 J JXjJI 


jJaJl) AJLil^a £jJaJ ^j->a £-kLLo Juft-JLJ aJLj OLL-k* jj-jl £-xj t A-JliJl A*J a a | | 

.(. . . yu^Jl ^ a^Lls*)U| olJuJb^llI ! ^JLp uJlill J./aill 


(Irina O. Luther) y jl . \ Lljj-jI ^jS y*y v-j^J .1^-p jLw« 
ly y cull y jL-k- y p-jjfcljJ <1)1 j (Sadiqjan A.Vahabov) cJjjLaLS .] 

£jJa_9 ^1 ft jJljJl (J J-^ ^^-Jl 4-JaULk^Vl O^kJ^-Pw-lJl l * ^ l L a-pl ^j3 LijJaJ ^jj j -^Jl J 

JlSlj ^Ia.9 <1 )Ll** ^ ||mm« j a3\jL« AjLlS^ 

y» E La A la 2 *i jlil ( j^L*ll L-o .«kj 1SI I aJLJI AjL jJaJL 8S y\$ ^jLk^JLa 

:iLLJl Jup ftyMjJl Jzij J-Lil li* Jti\j « \ o . U) fij JS^JI) AEB S^Udl 
c DO — ED j <kl«...>xj Ai? Ja^-I 2)0 j-wJl JaiLl Il*jj ft j-k>-^/l fljjft ^j^aj ZD 
x 2 + y 2 = a 2 : ^ S^IjJI ibLu. ol L^l lilj . JLSljJI ^JaJLlI ^ <kJU O jli 
! <1) Juj^jJl ^j_P ^jUl JJljJl ^la a ll A-kLu-o^J 4 Ox jj-pxil jJa AB jla.dJl <kL— ->■ 

: oN^UlL ljLA J rr 2 - y 2 = a 2 


t/ = 


ay 


^ = 2- 


. B ikiJ! jlp o yljJJ ^Lf fljj^j ;4 ftjS' ^a (Involutif) Jj^- 



o 



0«. UJplj J£UI 


AjjIj kj* yu* jAj <J jilJl -U jJa>o DO — ED j^jJI JaiM ^JIJlI^Lj 

<w*.JT y 4*Lwu SlJanll 6 jjljJl ^jLJI j»A il jlJijt JLjIj ^Ja3 l)Ll^ ^jjl Jua>- 4 AIjLj 

oLJIjl^L 4 aJ^LxII JjIjJI ^UjjJ! Iji^Jj ^Jjj^iJI j jJ^LiJI 

^^aJLdJ 4 jL-JJa y>~\ y (^ilp JlSlj ^Ja3 jJ-P J y^ts^Mj . <LAjL® 

^ i JUb ^JL>*£**»I Jtij 4 ^JLLaI 5 yljjl ^aJLill 4jLtilj AD jlaSli 4_«^>- JtjljJl 

. 4LP «— >L5\Jl 

^ jS^ j . ^Lxdl ^Lo Sj^J jil oUliJl taJLP f-li jJl jj! j ^IjLiJl ^jial j 
<Jy£ Jutj>wJi IJLa (1)^ j-*-J JJjfc (jlzjL**^#^ jjjtLl 4^lJ L-^® ^A^JaJl 

* ylj-> <JI ,/ljjJl 

dol5” ^iJl lIjULj p-LlILi. vL> - c«>Vj-?x^JI ojlSj 4 j-JiL*Jl <j jJLlI jjy^jj 

( yij . I $ L. y* ^-JLSCJl _ i-^JLaJl olj^Sli La j^yj C->LV ^,la .*<Sf 1 p-LlJ kj jj y> 
. .ti . I JL-pI y jJLp ^LJI d jiJl y S/jl ol*_ll 4-jjJLJl cj 4 LjjjI 

oJLa c JLJl j ^iJl j!)U- j . (L. Euler) jJ jt . Jj (A. C. Clairaut) j jJS 

4 p-Lj?4-11 ^ ^ jlS’S/l Vl <jjiai cillJLSj 4 o%^>(i)l 

*LiiJl ^ j\ (_$ j^~i! (Mobius) 4-^Uiil o*>L ^ jl)I oL Li' 

. oJLa Jl) ol j^JI ^ jl jjljjJl ^ oLiLJl) 


VI 



(r . u) pjj 

(J* ^Ja* ^ ‘iT’Jt'.jW 

.(iAr* t u tjj.-.k-i) 

^ ^Jij Ji _j J^oS/l -Ai* <l)t -A«u IJ^J Jjj^aJI VJ L _^ r J / 

. ^ G UI djH\J i^^Jl J1 irfyJl 


vv 




jUll flj-Aj . yjf ^tja ( j-Lw—a jf) ^la,^ J^jjpV I I Jl£ 

(_£jL*-*1| [ y» ■ 1 * « ^ 1 1 j£SjJ . LLI jjS^iil ^jy>%^}\ oLi L> - y# ^A 

: o j-v^-p aJL>^^AI oLULL^^/! ^\ yS\ iS^u (JjS/1 j yUl) (Vitruve) cJj y-J 

^ J S^\ jj-vJl j (ichnographie et orthographie) oULJJ io j^*J 1 j LiiS/l olULL-^l 

. (scenographie) ^jLil oLjJj j 

Jl 5 6*>Lil JJ Jj'b/l j ji Jl) (Diodore) jlS' iAnalemma 4 jUj^ ^y j 

. 4_wJlj (jl y.wJl (wjllS* ^y jlJULu Jlh 3 jJUjtfj l yL^a ^Jp Ij^ y^S' Aj jl ■» .»ll a jJ^Jl 

c Ajli jll ^y ^^JLLaj JUpI j (Eratosthene) yl^jV V' y^H JLpS/I (_£ j 

. yL*ujt ^|p ^y (J *y>«JJ eJbJLP djOaLfl-^J ^^Jp 

0 Lp a j £ JU LUlJLJ JU>J c ^ j.4 lla ; l (Planisphere) l j£l I ^Ja^J i— ^y 

jZ*~ja ^Jp Ul C)j£j JsLL^Vl IJLaj t> L$JpLU <_£ JL>-| ya U^UaJl l ^SLL) UaUL**! <_£l c j.u«-a 

JiUl) ^Sfl llfj jly. y^a Jp lalj cSLLdl ^LAliJ SJLUll AkiJt ^ S^ll 
iajJa>v> C-JlS^ JaljL*^/l j^j Ajlil yljjJl (jl y* ^ 4-l la .i jp L*jjj . (( N *1 - \ i) 

a.«.m.aj p^JL)I yA (jl L-IpI la 7 «aL>j . jj \j Jb ^ y>“S/ 1 S j £. Jl yljJ L®l t ^yLLm^a 

y» J i ^1Pj-4->«-4j ( J_LaIj y# ( 0 t \ ) 4 « a 1 1 4.1 a <^\y> (U’j-p) 

c-3 Jp Jli A»..iJ ( j-o jJ Jjl (jj-^J jl ( j^-^ll yoj t 4jjjl jJl ^j-LlaJI 

. 6 jut> L5 4. r ~>«lll 4w»U- 

tf a 

4 I 4^4— »J>xll ^ jJJ ^Jadl |» AmmAj ^c^ lll i^ydl (J1 jL«s^L»^JI f-L^J-P 


s 



(n. \ Ojjj js^ii 

n*A 



O jd\ l— « j& ^-43 $ (_£3^ajJl .LLl^VI 4*s^L>-^ t 4 jjI ^ lil (JIB'LL LL^^/i 

Analemma 4 j\z£ ^ ^1 v-JL-S/l I cJ ^p Ui' Ll>- (^^LJU £-^bJl 

-Up 6 y>^J (j j^ftwLwJkl J-) jj (^£jJl 4j^a al^-l) 4 J*»aJ| 4-£->*^ JU JL^xJJ La La JL>cJLta*/!j 

4»*aL>- aJL»*ij ^3 aJL— ll oJLa <JLopJ ^Pjp • (®^LsaJI 

tolls' 4jjJjpa ^3 aJLJlI aJLgJ aJ J-L>- jP jJJ-XS” J . lju>/ ^1 4 4.1,1,,/? JJ A^->- j^a 

jVl A>l»*y» /» 1 P oLp j^ i ^i i l OLLmm* 1 i C*LLf> >Xjl &J&- 

*>L>- ^ * : $ll ^1 ^^LpI Jij . ^3 ^ <u*Jll ^jJlill AiJj^a LsAjI L$w* jP U5 t (Geodesie) 

. aJLaJI ^*1 j>bLw*{ ^3 J jJ AjLiS' ^3 a]LJ, 1 ftjLgJ Ig^Ja 

^j^a L*-^» jJL-j (_$jJl C ^3jJU-JLI Jjjlill AjLiS" ^ (Jjj-jJl jl^il ^..-1 » .«■ ) *» A .,43 '. »mJ 
o j£s ] I ^Jp aSL* Ju JL£ Jp J^JLj (Jj ^J->- ^j-Aj . A-^JJlfJi A3 jJs> ^^>- 

JaiLl *li> ^y*j * ajjjII ^3 1 ^p ^3^*-*Jl aLUL*>I *li» ^Jpj t ajjL » «« J l 

oJLa <j3 j^*Jl iLL-Vl <j\ c jiSlI S jj\s £ ja 4.1a i; 11 o J la J-aj ^Jl!I 

. Alt Jill oJLa ^1 AwmJJL aJLaII oUl 3 Jl^- La IJlA j i ej^SLill a j\ jJl ^Jp 4-j.jll 

. 4jjU...JI Sj^Jl ^Jp JLJl j^lAjJl pLlJl i-ij t ^>waJl ^LUp! Ju3 j 

j\ JljjJl ia^- o jj li j]aJ AEC Uuj ( j£Jj i La jjo Bj AljJlil jjil a AZC 
O ^-r >1 -f c -L.il 4-la a, j Cj yJ r \ 4-LiJ >4 t (Meridienne) ^.Awa.:ill Ja^- 

. (( \ V . M ) fjj JXJJD JiVl c5 <> >1 Jl jjJl ^ 5^b ^LaJ 

F 4 Liill 3 Jl>kJ t JljjJl Sjjli ^Jp ojlLI jp JaiL (jjjLJJ CF ^ j-5Jl 1 L^Lij 
jlil «jd OjLil ^Gr ^j-i* jJaJl CJ15 111 ( dJUl ^jp ^LsA3^j . <1) ^^Jl e.^la-3 


B 



(W. U ) f S J JXJJI 



. o jjljJl Jp G AlaJaiJl (1) ^ lyb o yljJl ^IjliaI Jp c«mJ 03 a£+j 

jiaJ Jp (7 y» la a .^<v ll 3 ^-*-*Jl £ J ^4 ^ j j-J t Zf A la 2 ill y&j i a yl jJl oJLa jS^ yj 
aLI I jS m.a H a£j* (Jj ^jJl 3Jl>- t GHD Ajjl^lll a yloJU yp Jill AjL-jj . EF a jiCJl 

(tijU-Jl *1 JLSi\ J*U gUJLJ jl y tfiZ) a yljJl .JL^J if# gU-iJl y AJkiJl 
ai la- ni l AJLiJlil J jja ^ la U y_j JjLiJl yjL~b» JljjJl Ja_U Jl Ojljj! aJLmAI j j-SLj 

."“is*, 


AjbJlll Jol Jp lj3 \yj*S* <Ja l J?-hX L) 



fU t A^» aJu Jl£ Jboj 

aUSVl Jpj 0 ikiJl Jp JlhA>- j 
. a£a y>*j EOZ 

j*-5 j jXJLll) (jjj-j-Jl jbt 
JJ>JI jy'b ((\A. W) 

Jy^ ^jL« Jl ♦IjJU-Vl JaJ- j 

y I J-> J-* 1 * 4 A»Llaj - 4(7 jy*il 
jbt tdJLb J_p aj^L-p . J-iVl 

OjLfJl a jJljJl *a.j (J j ^-*-Jl 

Ja-jL- A__jl jl! GZTD 
GZ) jj— >» il <J j_ >• c ^ l— <>—■-— l l 
IJLa l^»4 AAjjJa_> 

. J— 5 j- 3 b fj j s. -A 
oULj J5" (Jjj-*- Jl |*J»I 


. 4-^aj {£y ~* il Jp 


5J-P 5 y Jjj- 3 -J I JjLU J^UaSfl yt ^ Jlill al ji[ ^ ybi' aJJJp ^yj 

. Analemma ^JcS y ^S\ iljL* AaJy y UojI .oLji^ 

*Lb ^y ^o^>*Jb>»l oS/ viJLbj c^yJl ^lUJl ^y a ^ -laL 2 -k»^l c_d j»p oJj 

a^jOj 0 ^ I Jl 3 y>- jil j a j £ Jl q \l ...» AjIoS’ ^ c ^ j : ^Lla > ^la T . m j j . oL'y 1 

(jLft jJI iJlftj . jj\ j 3 Jl aj 5 ^j«ftj ajlil jjljjJl J Jali^^/I Qp < 1)1 j^i < 1^1 

aLJLp ^ia-p| JLi J . A a UP Ai)j-4 (j»A^ \ o) ^jlp yaJl Jb?^l aUaP-l 

AjlkpJ JbP j . L ^^>ci\ JalLw-Vl JP IJlp- A^Il Aw»li-1 aJlA jp ^ J>-\ j 

i \) A» »Aa!1 Jp <jlu«< {j* *J-^*^1 t cbV yila.t^S/ 1 a 3L*4J AjiJj^a ^y jU jJl |jp 

• ( oU »jy i i>* 


iaJ>~ 3lJLL«l Jp ^ jjaJl I Jb^J 3 V ifj* j4^1l l O- j— bil oLU ^JaOJll y (X £ ) 

. (i.. A..p’jll jl) JljjJl S yb Jp Lb I t ^j Urt i l l #■! y^Vl 


1 \* 



* ^ * > 

LJLaj-j ^jUL> <J-j L 

£ -JLJJl JbJL^ J y>- Jj^Jl! 

c^LlS* ( v r « i y-L jUhjJl IJLa j 

J1 ‘-''i/jJa—S/l ^ L* £>^1 (_y> 

jt-OjJl I jj> • J*^ll 

o-*- <-*!_* i-^>u- <— i-Jjlt 

J JjlkJI 

Jp j-ls*->- <j--} <Oj->- ^11 LI j^Jl) Jl^JLSI 

ij^-j jll LljjJl (5 jL^J a j_^Ul 

. (^^Lbwi.1 -Jp^Jp-^I aJla d»>lipl <8 1 

• JLJI ja oLajJIj 


( \ n . U) fjj JSLiJI ^ J - dl U-Lr^' ^ 

■ 1 a — . (J— ^ MPZ 

pjj JSLUI) JLJJI ». . la 2Jl (P)j ILL (M)j SIW1I iioll (Z) liJLiLI 11* 

VjljJl ol* v L-^I_, tSJLiil c-— llill I -La ^ PZM ojljJ! .((\<\ . U) 
Jai>- ^ PM ^1 »/a ll MPZ • <JLjLll oL^I JbJL^- £* lLLaIj 

JjjLiJl MPZ LjljJl j* 2 *Sj iZSi* { j<0 jfr Jai>- p-oJL* ^aJLoJIj aLLlxII <Cj jJil 
A^^Jl ^«lLa ^ ^L 1 .11 I -A— (jj Jl (_j -A— 1 ^ • fL- »- 0 -AJn! (J^-Ip 

^la a*..*) j _^JJ JUJLlI <wJaiJlj SUud! 4JJ jdlj <l£L ^ JlS’ C - O ^ A^oJj AjjLo-yJl 

LijU-JI JjiOD ILL-^I ^lpIj (Pj ZjM : Lg iJ »U-Vl ^JLlI .1*J 

^l_£- j _)-SLU twJa-iJl ^jjk LijUa.il 



JUjJl ^ . la ^ 1 1 J Lip S^SOJ ^-L«Jl1 j ' -— 1 ' 

PM jL.Li.il Jii ILL-^I UL^j .P 
MPZ jujJLI ^j^iJI oJjdl ^ PZj 
( j--* PZ'j PM' t ■ la 2 IL 

. U) pJj J^LUI) P^jjlJ. 1 LkiJ 

^ mz viJUi ^juji . «r • 

*c* — Ji 5^3b» J- M'Z' vi-Hl 

Ljl_pl (j-Li j— L-U M 
Z'P' UiaiJIj M'Z' ^ iiyrji.\ 

. aJLaJI O. 4. _1 K . ->rT I 



jjJ* J- 3J 


cPj Jr* <j* J-*-^ t5 ‘ (f ' ' s ^ 


\ 


(T . . \ 1 ) JSLiJI 



Jil lOuj . J J viUSj cJj^Jl Hj jia i^}j\y>- 

^ tv^VjJa-^Vl ^jLL*a Jp (4jij^-«Jl) 0-4— Jl Ja jJa>- JLaJ ® J J Jp £*^-L (jj^—Jl 
jftjJij jl Jl J~l Jp jlS” 4 jJJi y> Lj> j_p , is Jaji-I oJla JJLft J J-l aJL J> i^HalT 
<!— >o 4 a5C* 0 - 4 — » J J* i as*- ^UjjI <U 3 J^Uj ^JJl oi jJl J aJCUII ^LpjSfL 

(SPZ iSjjZ Jl vUbll ZPS <J jljJI ^ J) <Lo.jJI ojljJI ^ <JLJUI o.*- jiUaii 

¥ 

. a1»a31 ^>cj t^>- ^ a^LJLU JlaJl 0 j£*u 

J <• fjjl J~ J (J-^ (£^ 4 (^ T Y * o) 3 j-4^ £j-S 

6 -Xp . ^ L— ^Jl OjjtW aJLJo ^SliJ! ap Jp Ja3l^ (jjiJl 4**^J1 ^3 AdJ^a 

Ji ol-ljjdl 6 -La JJj^» ^yaj . iLjJaJl 6 -La oJ jLj CwiJji! 1 -La Jp 0 >LlJL*j 

<-w>Lp (Saray) J jl- J J- 4 -p JUl (JLp ^1 Jl 0 jJl) jL+S JJl ^Jl)I JL*5 

. J Jl aaJs J— Aiiit J > y j . «Horde Doree» Jl 

J (J 4 ^ 1 —— Jp .l o . — 4-iaj |*-— J ^«--m * ooJl JoLa— V l 

^Ja— J«? jJa>- ^-j 63 jjj-^ 1 I UljjJli 4 (Conforme) JjILo# Jolia— *Vl 1 -La jl Lwj . JaJl J-l 
. 6 jl>bJl Jl A— jJL A^3 l>- 4— La-P j Jfljl jjLj 6 -tA Ji/«^ • ^l>-^pl 0^3 Ji-4— 

JoliL— Nl J :: la:] jj^JI la - jj^aJI £*Ja— J J aJL— j 4 jaJjp« (j - ^ j-^ 

£t-Jsa— -J® ^.pJLj JgtJL—Vl I i-A o\S J . Ja_jl jjL- 1 |ft— 

(F. j ^-wpl^ . <— 5 ^JLU-Ull j-JLp ^>L— Jl j j-aJI ^Ja— <S/I 

(Projection « ( ^L---^xil jl — >oJl I?Li— <Vl» Oj » )l a : : D’Aguillon) 

isli— VI IJLa ^IjJo-»1 j-p jJjl . J jJD Ji j ->Jil jl 4 Stereographique) 

J_p J— A>tJ (Complexe) ^Jl^p >-j LLL^ o»Vb j»Jl?o—I JLii : JojI jil ^ 

(JjIIa# (^ajl j>" Jaliwjl ^.ft— j>elj| J^Ia— V l 1^1^ 4 < ^Aj'yi £tLa— J jJjliajft ^Ip 

. A— i‘> j. 1 — i 

<. oLM jia— »Vl ^li> ^ jl J>A jUsU— I I 4 ^4-^— >oll JsliL-Vl Jl AiLp^fLj 

Jp lj £. 1 ((Jljia-Sfl iLL-^Uj jt^k-oJl)) jLpUaJI 6 U— (jill «^UI 

jp *~+ A (Jp 4 6 ^J^j! (Jp ^ a, ^ J (j -- U^UajI 4 JjSfl J 0 L 4 — • (jj ^ L l 

Jo La— | ^a (^LJl J 0 L 1 — Vlj » 6 j£]\j isU-^l [£^ j* J- ya j (_^jJl ^^a—JlI JaiL-t (Jp" 

• aJo j ^jJadj 2 ^^Jl ^jIj^ i®Lp 4 jcJLL-l • jl y 

isli—^l v— jJa— Sfl AaJLsA ^3 Al^^ll 6^>- ^Jl 4 — >La.J — > 1 4jli£ y yj'^LJ 

aJ hj3j Li^LLajI ^jgt I I If. 4 (Jp Aj^Lft— -Jl o j^JJ Jo Li— l _ (jLpLsaJLS -L I 

Jo^poJLj dUD L joJll ^JoLail ^jajJu Lft-S^ . »— Ifl-aJL jlil jy Laj^^- Jp 
Jp KIMH 6 yljJl (Jj ^Jl jOpIj . lf.jl-M.4 ^ Jo j yZ ^Ja3 Jl o ijljd Joli-)/l 

FU IJJ ii-l : Ji US' ((W • . U) JSC-2JI) KBM J*j>il ^kall 



K 



dr * ^ o J5L±J$ 

Jail 5 JjJl ^ C aJai; aJ . KM >iJ! ^ O akaj j^Lj *7Mi7 • Jjdl 

j-aj OA j^iJl Jail Ia O j A Jaj jj 4 FGr jkaJl C!A 

0>4 j HI *Lii!l a la a j j L a la 2 : 11 lO a D Jaj J 4 AC — AT) 

j JL P7 J* LP Jail ^ l^i j iOD J> LN ^y^Jl Jail 

Lfcll oJ J Jl Jj>ll ^JaJLil ^ AkiJl J Jp P AkaJl Jl . LN = LP 
AjJjJli 4 ^^Jajj^il ^kdJl ^JLaC MOG AjjljJl ^lj-tf-»l ^ JL^3 . S ylJLlI ^j- 4 C AJaiJl 
LwJas jl L>«JlJla| Jaj J*ll ^koili JLJLj 4 4> ytL« jl a**jIS jl s^l>* o j £. j MOG 
^>\z iika; i >j 4ij5 ui^J^ Cj F syljJi iika; oJjlL-Ij . ijlsij uks jt txii£, 
HIj OG jLkil o JL, JL&I ^kiJl JL>- J) i77 JaJJl ^ OGj OF gj*il 

cJl£ lili . M j K O^kaJl <1)L>» . .Aj 7HC Jp a yljJl jJai li jkj 4 (j^j jl jJL« 

4 0! l).}L«J FEI AjjljJl C-J15 1SJ 4 p ^jk-J O a la a*, ll j a J jJl ja EO AiLAl 

: JU15* Ja Ujl IJu JA ojL 


2 / = 


p(x sma — 1 / cosa) 

(x cosa -j- 1 / sina) since 4- p 


J x = 


p(x cosot 4- 2/ sina)cosa 
(a: cosa 4- 1/ since) sinot 4* p 


FG Jill oli 5 JjJL] Jll kULjl £• ULlkl* Oj^j ^^Al J 9 J Jtil ^kaJlj 
j-*Jl Ja^ ol j AJLj*^-* jj-9 1 o JljJl) n_-^jJl ^g j JL***a J-P *Jl (J j^lJ J J_P 

pLj lJ (jj ^ jJi >. ;.a*j . a JJJ i yL^-^fi ^ o akaJi is^UaJi (90° — a 

. h Lg j& Ja>- (J& U - h ij j j£ jb^-1 aj jl ji! - ®ol jkJL*JJ» 


n^r 



m 


' ^ • v • \\Z Liy K ’ 

ip — f l^'^T! < Tl fT ' |(^r-> * r ^ |T^lp ^ if*^ o 
\Y?*f e ^i' i ~ r z r ~o~' \f zr ^P «r^n» j^r~> ^'T)f^ n T^ 

(vf j«r^ <rpS *0 \ffrf ^ 5:^ «r° 


(^ni ut^)- 

1^ if^io i^P’ r^v^ \f^> its* t *T*t \^~*f &r 
\p* r t r r J (n ■ ?) 





L 

(y\. \i)fj jslui 


(_£JLJ t tf .* 7 ^1 J ij 

oU.UL-1 J— ilj 

i«Jl J \a .1 J «4_._1» J 

if ck-" oik 

oLUS yo y* t jSJuj 
coLj^jnla Jj\ y-P 
oV j la .m«S/I la <n T 

>»«-> Cj) yj^ll 

eT* '>*-*-* i>? (f ' ^ * 

li_A J * 

J*J jljJl .^U>Ll 

^L>wjjLhaJI J_p s^Sj J l -ULaJl 

4-jSn fijub o j— £o_p u Lp j 

JiLi. i l J . C>*j Am^JLa <UjJaj 


S ^^Jl y» y*»*Jl o a jiljJl aJLp ^aj (_^AJl ^jJtil -U*j (Y \ _ \ 0 j^- 3 j 

Jail oU.UU-1 ^ 4J jUjl Jl F/j GH j ljf Jl J BD JaJLi . ABED ojL—Jl 
(iJUifi JalJLwJ jjh GI jJaillj 4 J1 j^J! Jp jlU j— Jlj <_£jJ-l J c£jU-*JI Jl yoVl 
XO j KLj A. fN LajU^I ( yJl JljJLlI pLj oLS ^ v — JJI I 

. «— >^y Ja*-S/I ^ ji*w# Jp 6J Jill yl jjjj oli.lL-! ^y* jUaiS/l dJlAj c FO j 


y- !jl>-I j 4 yj J u>Ljo» J-p oLULLm-VI 0^1 jJ JSUU 4 j%— - jJl 1 JLa J_p 

SJLpliJl <S \ yJl IJla JJL* 4 JLp y-lill j Ja Jl Lly J j . L-^l JSS/ 1 olkLL-Vl 

. Ajj^gj Jl jJl L-JU4JI yi (G. Monge) y« . ^ 


4jj ^) l 

jJ oLj JJI iybS' L?» y c-c £*-Ul ( 1 ) jiJl J 4 JI JjS/l a Jill J U JS JLil 

4 cp jl y>Jl Jl (_$« il! (cJjVl j yiJl) <— »li^j (^*>LLI Jy <JjVl - (^lill <1) jLil) 

^y Ji US' |>Jjo Lj jS U-JLJfc ^ yo J jU- . LjyJl Jl 

4 A j^Jl Jj3 AywX. K ^ ll ^yLil . /3 > - ^jA lO-A-P L— LilSI UOi 4(JJ^Sfl 


Roshdi Rashed, Dioptrique et geometrie au X 6 siecle: Ibn Sahl \ al-Quhi et Ibn al- : JL! (Y 0 ) 
Haytham (Paris: Les Belles lettres, 1991). 


A 



(TT . U) fij J£Lil\ 


L» LgJ ji L^>- 
jaJ L vajLl oJLft 

C^Jli ^ jljJ L J jXIl olLLtll LI jj 
. oLL i l o JL a ^L^lj Lljj oliMxJl j 

JjS/l Li jJJ y* jj tLiJi jp *>Lai 

I ^ c5jj-^Jl oliiill |*-L- ^j.4 

L«— * j ■ » ' ' 1 IJL» j . <^LlJ| ((_^j jXJI) 

f-'J pi P'r’" £•** 1>* Lv 

J£i!l >il) iLfx^U; ^ iLLHI £>US/I 
jLjt J^a; iJ^ll .Ju^j .((YY . \0pJj 
. £>1^11 ^Lj <mU i^Jl ^1 ySlI 
^ la 4_>L5" ^3 ^^JLkj pwL>«JLwxl Jj j 

LlLiJl ^_Lp ^ja JjL^ Ji Aii j^a 


j»ti J-iL • oLj j£ I jjj^j p L JLJI {y> jJS ^j\jj . <_£j^fCJl 

AjLp ^ t^jj^-Jl iL-(| j-fcj t(^\ *Y *1 o) {jA <j\ jfr ^jj j-A» JJ l ^ILJl 

dilJLj . ^j^Lbe 4-Lfc jpi SJbJlP JLpI C~~X L_S" . ^J^-Lo oLj 4— >L5v] <U^Vl 
J^SLi® <JI 4ii I j ~~j J ij . ^LJl ^L^S/I ^^pLj LjIj 3 ^ t— > jjp pLAp ^ojJI 

aaL^II <JLp^/I ^jjjj • k^ALaII ^ pl«wl la /* a ^5 ^^L^S/I j^pIjj 1 **^ K^Uail! 

jJl aJLijj ^Ua 2 jl ^1 aJLuj a ji jyj C-jIj jifi LlS L .) ^j-ji> jil I j-p* 

J5LSJI jl^J jj> ^LjtJI U^S JLS LLSJLj ^jJaJl LfeJl 3j^, ^1 S3 jliil j^LJl 

c-oSfl ^ cJj^l c^jJaJl ^Jj| ^LLlaJI JJLiJl Uj LS ^1\ ^UaiJI 

• fbli ilL#j j yjjjVl 


0«.^.n«ill J»«mP AjIiS’ ^43 . a^Jl SJjJlP J L-P 1 C» */3 ‘A> J3J 

(jlliL-ll l) j5i a ^Jp aJaa) frL ^-JjAhj S 

jj* OjSi ^5lj^ t jL ^-JIj *LJl IJla ^ij . jo j^-*- 4 (® j^Jl ^jLl Lw .*) 

^^P-b j«^3*.ll L-Lw« pJLp ^j , allawll oliLi! (J^Uu l^lpLuij eUa^il i?UJl 

. 1 p-L pllJl IJu 


jpP li^Uaul LjL-Jl a j£3\ ^Jp- iS ^p^LLJl (jl^a JbJL>«l) pllJl IJLa ^JH^Jl 

^ja j^Juj j5Cil c jCiLil jLjLmJ 90° (J,| L^j) . L^lLj LjIp 

ol^l® jls* ^JLL^Jl oL 1 L „/a p v^-mtl>-j . (<u]a 3 j j j^Jl uw La® j jPj ^ JI 

. a ylJLlI Lbll AJailii L^pLLj al^l I 



Ijl^J j cS j£s Jl ^|-p oI^IjlJI *li j]\ j fj \ jllll 

6^^Jl 'bf I «<» i . LdjLk*< ^.«*>. X .» ^ )l l o . ^ H .».p| ^j-4 A J j^OjsJ\ ^jJ» t../3-WJ 

l/ 4 (J,[j i<JaIl4 <Ul^ £j]ol*i ol^JUcL* ^3 ^ Lfr«»-» 3 ^Jjlialj oUU- 

iJLft oJL» Ju>- oLw«ij (jliil ciUM j . |» la-lL-a c-i-MaJj JaLsi ^jJsl—J| ^iJLuJL* 

^Ua*Jl yljjJl jIS^j ^ Jy ^1 J • <<JaIl4 e-i^aJ <_$^4 

. Ul J+M 0j£ 2 j^Jl ^Jp oMfrllJ 

t c-»*LtaL»*Ll ^.Lp JuLwwwa C5 3 ^ l l (3 jiaJ! ^.*.«.l fl i j ^-^4. 1 *\£y 

! 4jLL*JI 2 jjLaJl) ^ jiMj cJj ^rrr^ oL-*Ij3 «1)Ljl> &LojjI L*-> Lla jSaJj . j*-L*Jl IJLa ^ 
(_£ y*~**ji ^Jp 4 _> j I 0 j£li i*L^L ^JL»4 H <1. » mu >AjJL^cjJ ( - 1,1^ ! I lZj y >^ I 

^UjJl l.^> ^3 (J Lo-wJLwk V 42j\£j* (Jj-la^ 2 ^Lp ^JLj JLj Jl>sJl! 1 I j-A jlS’ J . u— 1 

I Jla Ji j . (_£j jJ^Jl ollljdl ^JLp i ^>-1 L^JUJ* ^A>* ^^ajjl j-^ 

. c-s-i ^j* J\ ^ Cy <3^* d *■*— J-*-* “-^y J* cM" 1 

Ju^» 6 jl Sj JL^> jJl jl£« jp Ja>- (f jl5 1SI I l*-J j IjLilj! ^jjl j>-l <-2 j J& ci jpj 

(jri jiVl 2yb J-4 0 ci' lT^ 4 ^“ L5* lT 4- ^' 

! ^llJl j y\2i\ < »^J>- j>rJi]\ a]oj»jj j jJlJl 4 JLla> 

sinO = sinS/ cosip 

. M ) JP^JD ^JUJI ^JLill j-a 0 ^jJJl jl jUlpLj 

ajjIjJI (90° — yj) jjJl Jai- p . «* .4 jlj OLilji iS ^ . tl l ijjljJl jj> 6 ^j*jjii\ jlj ((YT 
. EFS O-Jilil l£j ^j~t\ ji j ..laj ^4 Ijl^J Aijijjb j j c ^il IJL^J iLUIl 

,4_4 A BCD i ^jIjJI Dlj j La 1 Lj 0 ^ yl\ j .4 i a *^_>- 



, \^v 


m. u)^ jslui 


(tr. ^£) r 5J J£JJI 



8 J AH jjl Jl H E & jjIjJI jS ja jLuaiL BDj AC ^JLalxia ^jJai 

£l*-Ul HAD ^^iJI Jp ((Y t- Si) (Jj JSLJl) ^ J tfjUU DG ^^iJl j 
I *-m-j siJUS JLajj £ M L^Slill! 4 la Si 3JI >-j $ A2? jltiU ^ jl jll i/P iai - lj PO 

**j t 1 j BD jJa.dJL 6 j Lilli Z> ^Ja-illl ^ P ejjT jA j EM 4-pLa-Jj L* ji 

^ jiJl L$ ** (Jilxj iijjJaj AD jjill L*-*L>- iHF Jj AP J ^jl jil LO ^.» ii~» l I Josi-I 

. J J jU I -la>- -AO 

£ll t j^Jjl I JJ-AJ L— ^x.> ^ gSflj (j*AA £ J AVI o) jJLaIII Jl*^- 

Jai>-j 6 (JjJaJl Ja^-j /l 0 jJLp ^j-a LS^Lkjl A C. a. ^ J^Lxj ^ ^JLl L^ULa L^xJLJb 

sl>3 jl 4pL— si., X.. ..II 43 jJW UlJLft 4 jL)J-4 ^ 4jL* j ^1)1 JLs*> jJl j5Jl </? ^ ^xJl 

^ ^a jjl ji-l LfJLaol SJ^Lill J->Llaj jULD *LJI IJlaj . sio jt y* ^ 

i j£-\ o JLpli ipj 8 {jA 0 Sl*^>»JUl^»l lij . ^li; jl J-3 ^j-a ii J*~A 4jlJ j^a 

slilJL ) (_5j ^L*lll s— j jjli £• <^j hj 8 J LxJ A ^ l aw" ^^lll SjLxJl ^s<aj 

4-jj-xJl g^jl ^ l^r jl Jl Llp .((TO . U)^ J^LiJI) 5PZ £jj£}\ 

. oULj o*«j>«iA (_£ j^-S/l 4 JLWI (JI^p^I 4i^-^Lll 



(to. \ Opij J^iJl 

oUUb^l 

• #- 

(Menechme) jLS' uy^» ^LiJ JbJb^i iwus^ll 41 apLax Jip 

cl>La lai^ 6 J-Ixil ( oJbaLftlil OLiljb-Vl ^ J ji JjuJL (3t>Lll J-3 ^1 jJl j J^JI) 

S3 jJLill ^jJil «oLi> j <Lj-LJLa oLJ|jLp“l O JuaJ . Js jia-^ ^a 

y]& . L^1-Ij3 j SJLlljJI J 4-^aSUl ^JaiJl s <^Ij3j s Juioll I-Xa 


lj oLj j£3\ j *Jl£LI ^ oUIji^I oJla Jjl* ^jlp*jI 

Jp iisL# otJlJb^-J SJt*Lo« oLj! ^y> y^i ^JL>*i^l t 4 jU?j ^ j . (Conoides) 

. oLJjjJL^-1 aaJj* a., la, 2.1 1 J>ol Uj-j * **■>■ 

oU1jl>-V! 1 ji^r pUJLJI ol V £jISjJI 6.La <jU 4 UJS 

<■“ - > IS c a^jJlaJI ^)^_»^2_*Jl ^-jLb»»-ll o^-isJi a^L^a o^L** ^ L^Jl *-LU_p Ja3 L^S” 

l**-) — 3 15 c ^jlIj I j p .»iiw i>i« h< (J l ■fr.C’I ( < 3 j . L$J j L mj ^^*- 1 1 j aJ a ■> 

j^*Sl I jj>*UJ AjjI y* (_£ ^>-1 A*Ja3 j <^^3 J^~ Jjt£ l y A A*k oXal-RllI oLj! Jj>-N 1 

£_Li ^lai ^ Axk AJb L#1 . ((^-j IT1 - NO p-3 j JiCUl) 



(n. NOpSj J£Ui 


<ulk J ^J. U$U oLulJb^U ^kill Ikfl (Conjugue) Jil J! y jJl ^ oki j J*3 j£ 
\ JU15 ®4— kill® cjUI jl>-1 ^juj ( j^k» c 1 j-^lj .((TV _ \ JSUJl) 

^kili IJlA 1 * *» .A l AjjljJl iOuli j j£~ Jp tO-ili aL*£ I i k »AZ +* .* 1 n L 3, 4 Ji»lj 

IjL^J <_jUl l— S ^kll |*-ua t ^ka l l (JjJ 9 £-« (aL)Ij A~*«JL>) A-^LjLa Lj jj^Jll 

. K^JL^jl iJjjk-® ^Jajll 

La 0>Vj>Lft^JJ A^uj A. ^ ll j J..k l L)^-®*t3^/l pL^-LaJI dtt ^ j i IJlSLa j 

oLj!JL>- 1 Up { ^y» *W?liLl oli^LJl t£y>* I j-JLsLo ^1 . oklJL>.)/l ^P jj 


oN La t cjU*>L*J! oJl^J U>L>- l^ rr; -w-7 I ^.1 L ^->-j ikii 

(Descartes) o jLSL^ j > j $ a * > oLJ1jl>-V 1 c jl jJz . k jjJiil oUl>U1 (oU^Lp jl) 
! 4jj>/a * ll L^^jU; j'y ^jyajiiVl p-LJLJl otulJb-l aLp Oj^ i j£j ^1 c (Fermat) L# 
j-4 ^jkl»)) iLLall ^L*jJJ o^-vaJL^dl oU jUI Lr A «ordonnee»j «abcisse» 

tfU^-1 jA 1 ^11 


‘V j x ‘a* J <j* ‘cpLUl (T"l) 



t jS(! Jp b j>- j-a CjLjIJL>-^/I ^ UtlaJ A-ojJliJl j^ajJl j-il Je>> 

<JjJflJl Jap- J^-£ Jp |*J 4 J«l al »«>4 J£-J» Jp 4jf Sf jl OjJl4Iaj I jjl£ 

c JjSfl £*j-*-Jl 4_J J-4-ijL^I ^iJ! ^ (<jJ> ^p) ^ j * Jl Jai^j (JjJa) 

• ^ { j+>- L-$J L«: .J 



(YV- Si) flj J£J! 

oL*Aa-aj ji^A ^3 ob5lJL>-Nl <j jJlLo>j I ^jl_!i oL-^LjJl *LaJ-p (1)1 L«-)j 

Jp j_*Jl J* bl Lo JJ SjLiVl <j^il j -Jj-1 Jp <1)1-^ t (L&Jb) 
otJUp-)ll J-. liliClj Uubj t 4 j jJJ>- Jl jl Ja>- (JL^-.t Jl sy£Jl 

. jfS\ Ja jia>- Jp Ijbl J^Jaj c-Jj«s<aJl aJUp d)l uilb £* la>r,l>l j . A^JLJlj 
( J-<kjcL^\ J bj . (Jjli jJl j olp-jjJL A^il^jJ-l oLj1Jl>-N1 ^jP a JpljJl C.«.*^ at 

c^jlSj . ajjI^mJI 3 j5sJl Jp 4j j jSsJl oLJI Jl?-N 1 SJuAp IpI jj! <1) j^JbNl dlLJl c-LJp 

ij^Uaj 1 J- 4 I 3 I Jli j .^j\| ^k*- Jp V 1 J^-1 otJlJ^Nl olJlJ^)n ai* 

^JaJLS' j; la:ll J C*-*-~Jl J ]a>S JjiVl JJ5b <ij ^UaJl 1 oLj1a>-N1 

*\ji**V\ J^- ^ JJiJl Jp J\^\ f UoJl J i((W A. NO pJj J5LSJI) 

IaJ ^jj jP-1 I j^JIp*A--J . ((c^ Y A _ \ O ^Jj JiLUl) (Jj^Jl l «la3j 

c«Tt^\ - NO fij J£jJ!) iJy>ai ^i^fl f UiJI :iiAi]\ ^jJl jljjjl! 

JSCjlJI) a. : : k 3 ^4 A jjL^Nl Ja_>- J^- j-Jl tiULd J!Ap-L ciLLs ^UaJj 

W NO 

oLJIa^I ^>^j» ( j-^-1 ! jJLp jJaJl) j^4*l ^L^Jp J^aI-^Ij 

t ahjIjJIj iilUl fj-* o'b/ 31 a*JJ jjJJ-1 Jup 

. <ub j _^*il £jJaJl ^J^LSj Liilij 




(n . to ftj jsLtji 

c^LiSL! ol^ j^lJLj 2jl*S 1 2i jju* Jp v»^j-nJl *L*Jl*J! olS" 

o\S j . LijI^aJM c a^jjaJL L*ojI o-sJLil <ul^i! ^waJL tj 

L-Sb i-o ^*Jl ^^.Jl frL^JLp Ijl^Jj . o-A-& J^I 

a j!>s Jl Jp oL-jI JL>-V I I L*£ t jJlJ*- 1 J jJaJl Ja_>-j j»*Jl -ia-s>“ 

(J Ju l)L ^ybS/l ^llalll olJ|jL^-l ^£JL>-1£ JlojcLmJJ kc~«-mJU jfjCj' ^*»S' I ( jpj\ J . 4jjl*~ Jl 

I ^k-, Jp oUUiNI Jp Uj 

£-s^ j-* a ji ^jj clulj ^JL>> oL«L>- j oIpLmJI <*!»> jl vpllS* <uDj_-a ^3j 

. (^4) 4 ;* tM .}j (l JJaJI J jJa^ i Jl$JM IJla ^ ^ L-w-^k_JL)l aJ jjll JJa cJ jl? 

Ji»ol ciLb Jl AiLs^l . jl.^1 1 ^ 4 la 2:1 4-Jai oUjIjL^-IS* olla^ jJl aXa> jLip! LjbLojj 


nt\ 



j_*Ji (rc) ® *lj-^-l# c-fl_)jil 

4 i 4«* p 4 la. 2, ; 1 .1 SJLal.n_dl oLjjIjl>-VI (j\ 4 (y) 

JX^JI) yj x J! A j l jjjil 

L). J> cf* «i*j . (or • . u) jjj 

! £jLiJl 

y = IcosA j x — IsinA 

(J j-U Ja->- ^lJL 53 ^ 1 1 (j! Lo-j j 

4 Jlj-lJl J-P f* 

ULp 4jL*JL«*j'JLh*l 8 ^uJl 5 ji 
4*JJu ^JJl ^Jiil (jLjJu LljlS* 8^^ j-*Jl *ljj>4®j 8 JjJaJl jlj jLjJli 4®<>-ji# 

Ji 0 ji C^jU j! CJj l* Ujhj . j^-ll Ja>- J 8 J jJaJl Ja>- ol>-j3# IjjLp 

. SJLalxdl c->L5Ijl>“^/! Jp mJVjUU jj-l ^ jlxi^l 



(r* . u)jj J£jsji 


JI il J & c^L fc J I^UJI IJla o*tS ^dl JJjlL ULdJ JjLil JI 

JI o^li ^1 ^ ^kUlj Z-uLcll oLJIjl^I ^ luljJU <udl 

^ JUll >\Jl J . UUiJl oIJIjl^VI 

L^-JUI aJ jj il J^U? 4JL-*-lj3 JULP j J^UiSlI 
^ o3jj>- J d 9- j} ^aJ\ j^L^a^.> JjS/I \£yX*. *- * J-P aJsui*-JlI 

ol^iu jl (jjj-jJl 4 o j-SCJl J_P 

£-51 ^3 Oi Jil j-lj J I - A I J^UaJl 

{j* . . . JoJlU <jl jil * j yal l j^L sjxjt 

dr* • • ■ uij^ drfA^ Cr°J 

L> ^ jjJl j J _jJaJl I jiai . <TV) ( _ r <!> jjJI (j-«j Jj-kJI 
OZ Jj_> -II JjSlI >-iJ!j OFj OX Jtjj^JLI 

^ jju .juj^ aisUj .((r\ . so fij jslji) 

J>-3l 4 flftjliajU ja aLu*»I jj j-i^ j-UaL 

. o X* lull I aJL^laJI oLj! Jb>-N I JaaIL ^Jjj^Jl 



(r\ . \£) (Jj J^LUI 


Abu al-Rayhan Muhammad Ibn Ahmad al-Biruni, If rad al-maqal fi'amr al-Zilal: : Jail (Y V) 

The Exhaustive Treatise on Shadows , translation and comment by Edward Stewart Kennedy, 2 vols. 
(Aleppo: University of Aleppo, Institute for the History of Arabic Science, 1976), vol. 1, p. 228. 


nrr 




ab 

b 2 

a 1 

ab 


(Identites) oUilkuJU ^oll ^.oju 

' ' cSj- - (J-*-*- 1 — i fl 

^^isl JL 43 . oUjLL^JLI a_> jjlJl! 

!>Ljb tjj— ^S/l ( j_4 (ji-iJl u-^Ll^JI ^_9 4 ^jlLsI 

. A4j QaloJU Luh* JLLA 

(a 4- &) 2 = a 2 4- 2afe 4- b 2 0) 

^louiki j((rr. \o^jJ5Llji) 

4 4jL», La -4 . iJliJl ( yjt 

<L)f ijJ * • 0 ) 4JL> LLl^JJ j^-\ jula 

. i a *jaJt J| ibj a j la.ia.ll tl>IS jJljjJl _ i.i ^ j 

((rr . U) jJj JSLlJl) a + 6 >ill oli S ,^|jdl 

La jJaS 2 yb J^Iaj c («arbelon» ^^pJU 1 JLaj) 

. \/a6 

* 

(^ * Y o ^ jj\ !»■»> 

Ujl^.i^. 4 ijjjLwJil <L>*jul$JI 

* iJLlla^JLl . ®a^pI jaIU JjULI 

l y (a 4~ b) 3 = a 3 4~ 3a b(a 4~ b) 4" b 3 


(rr. u)^ J&jJI 



a 


(ri . U) fij jsLiJt 


4 -j*>Ljj (J 1 L»a^» « j ciJJi J 

oLjl^. 

(a 4* b) = a 3 4~ 3a 2 b 4~ 3a b 2 4" b 3 

‘C—jj <JI 4 a 2t > lLUS j 

LsAjI v^JLJJlSJ 4 ^ oljjl jZj* 

«arbelon* jl jj^ j* ^jU ^ J~ Jl 

p — » j J ,$s . H ) a 4- b a j— la — s Jj — >■ 

. ((r i . \i 

(jl <33 . li.fr. t." 4 4 jDj^* 4jL|A ^jS J 

<!>■ jil jJaj£ <1)1 LsAjI <JjL>- 
o»-jjJl oL2-il iaLi» 4.^-Lni (^1 ) aJLJ! 


ntr 



CL La jJai S CL + 6 La > 23 j^® jLiP^/L 1>*I i ^>J • (a-*-»I >1 

j/Vl «S >Ul» j! jS\j . (a + 5) 2 = 5a 2 : it y>! yiVl JJ-IjJI y j/jU l^Lr 

Vjj 5\/b a ; »/ JI aJLa j^£j c ^-..Iflll £-*J > jJl > . A-Jlill 2 Lajc^ 25 LtaL*J> 
A-j jJJl ol jdl jl Wc«>l jXJ! ci >® <1) j_£o a_^J jl $ 25 

AjjJ ( vJLj »L k/a ig.J 1 IJLa J| |Jbt JjJaJLi ^1 j . A-«-»jSfl ^LljV! olS oUL^a-dJl 

oLa ^.>^. 0 ( jJLj La Jp) AjI yju AIwi> ji 3 J^T J ^ j^r t A^jUlI pU 11a ../all 

. ^LujVI aJL>- Jl Aj^LJI ^LkjS/ 1 Ob A-^Jll^Jl 

j >11 Jj^l ® j-JD j S ^L*jS/I ioJbtia oL*£ll s i <>J 

dJ j^>jj . J All! ^lll ^JL| ^L^ Jp (M. Stifel) JjLi^ . ^ oULl*J > t >Lp ^,-oLJl 
y ^Ul t «^iy~o> c-^iSCa))^ ti j jjiil JLi jl £ j . (Chr. Rudolff) 

. ^jJa j*t oljl y» Ai -* j Jl Jl Aj j*li jL*J 

jJLl . *li >1 J j JjUJL! A.^.r. $ ll JL*_pVi ijj ^^Lp- >1 y* y Mj 

t Ay LJLl4 ol*J J^a Aj J^Uj *Lj (> AjyljJl 0 JaA Jl > Uijjl 

A-s f Jp -X-*-|j . Jl j-p < r *-*-£^> >aJ J ^f^il ^ 

jl Jil J| bi^jl l^l A>c^?x^ aJL jiaJi 0 j-A (jl ^IjUJl JL^I t A-Sj j ia. Ll 

aj-Aj . (p-li >1 JL^pI ^3 A , 0 J A .t aJLj^ LlJL^wj) . ^ oL*jy AjjLj c j-a >S^I 

. ^LajSII 3Jla!« ua^i aJs^I A^J rf ^LJ *1^! lyl Jp Jl>Ll1L La jy**ju oLJlSCJI 

t AjJLiJl jj L>*_ij c _ 5 jJ| aj^-J-I oU-jJill J-p aJIjJI wa-w^jl-^JI J>® c^IjL_«JI c.* plia. " -»*< J 

tX 5 t j_P Sj-Jiil ttjli'i (w-o^®J tX 4 <>-*11 ®JHl jLa® SjL-«^ 

j^a j . *-j^-*jJI IJLa JJU aJ jLsi Jp ((Stifel) J-L.:.^ Jju UJj) ^1 jliJl J^- jl tx 6 ^ 

• -* * ► 

. AJL^P j-a-U ^ > Ji A-> >1 Aa^JU^JI J| J>*Jlil jj^d jl Ja^>h1I 


> UJIj 1 >Ij iojjJl Aa»jllJI o >1 lLUj^ t jLij^Jl j>-lj 4 --»Lm-^-1 |>p L<^j 
11^ ^ |*La>V (Liber embadorum) CjL-LaJI jLS'j . o>Jl Ljjjt > oLw^Ij Jl 

j ^>ji A^jjjSfi jl^pVi jsijt a^t (^ \n - \ * V * ^>J) (Abraham bar Hiyya) 
p-^l y^J t(Savasorda) bjjjlSL- «y^l > ^>1511 1 Ula jl5j . a^jj>I 

aIaj ~L*_i L«m3^ ^ j^j<JL> AjjJ^_a J JLiJ J . WaJs j_jj| 4_ » >-Ls^ ® A*j^-*Jl OjL-*Jl 
jlpI > SJLp Jp uUjll I 1 a ^ y^j . lyJ>Ul J| (Platon de Tivoli) JjJLjJI j 

. J>- 1 Lya yil t O^iJl AaxJLxJI A-jL*l>- 


(YA) 


Al-Farabi, Al-Rasa’il al-riyadiyya ( Matematicheskie Traktaty), p. 200. 



JJ *U^p 'yupl J^JLi) I o tajjjLsU* JJL c jl Lp (jllll <j jill l i ^r > <0 

• 6 ji C-oUj ^ 4_lS SJ-P Lgl* C A-JLytAil 

ajLS (^\ T 0 « _ \ W‘ (Leonard de Pise) (J}~} I jJ £-Sjj 

3 JIP J_p c^liSOl lJU {Jj^zj . Jb-Li ^JL> f Practica geometries ) aJUjJI 

4 <~Ju < JlSU! . a-jI S ail j L j , i >.. l l ^3 ^ oLdl oLlaj-AI 

«figura chata» Jt* ^^p J-U oli t (Liber Abaci) ^ ^JLl j aa3j^ 

. (cjUIpIa)! ALA j*a) ®^UaiJl J^S® U>J*^ I Lfrl-Uj 

A*-U J U.,*S li (olLsLl^’VL aLUAI 0 jiiJl jJaJl) ! <1)S US J 

jj< JU> 4 -ULL-^f! IAa aJs^Ijjj . LjjjI ^3 jU* Si-IAS 4^^*Jl JjSJ! ^3 
l— > j^Jl I jjcJ! Jl 5 U^JJjVl <1)1 jJl J°J ■ UjUl AAjjJaJl J-P oLV jia-^'y 1 <1 ) jjV I 
o j j| .^aj j bUjlS ‘U^jj'yi 1 4— -Slip Jp Sj^fl>AI *U-***l3 . <JL>JJ IAa 

t*L~l I <JL£ 'V ^ . aasI jii aj jjdl f-Lo-ww^J (La jJL^ ^jl H IJLa <jIS U LJLp^) L>*_^j Aw^Ui) 
L^Lw/y (cJ j£) o jJLo JJL ^a o'yU-l { j&*-> ^ ^ y>^ UlLLl aojjjV! f-U— j! ^ 

. Aojjd! 

ajUS 4 jJLp UJllll o jl Jl j-* (j jJj-> jJLp J^rj j-aj 4(Witelo) jJbbj <— aJI Ji j 
Astronomia pars optica : ^gJLll (Kepler) ^IS c-jLS <1)jSL> <j! Jb N ^JUl) Perspectiva 

. ^fehll u^US pJL^Jl ^1 c-ijjl ^w?l jJl a] aLSJ 

j! ^_iil a jj 1 a »))) a-*_jL-JI j a-jljj^L-JI jJLaJI ^3 Lb_» I JLiaJ j 
«redressement de la oLbb>«iil oULl^I j! aILxj jSS J-p («4. : $ ll 

J^?t J (Levi ben Gerson) j ^ y>~ ^^jLI ol^^uiJ L US' 4 jAJV courbe» 

. jILp ^jl jJl 0 ji)l ^ a j^jAIj <1)L> y&A jUJji! j 4 

jl) jJl {jA J^S 4^ j3 4 A.bU Us II ^ JL Jl ^JLaJI Jbyj 4 jJLp 0 j-Ul ^ J 

ULUj cJU^ j 4 1 J^4& . <U j«p oil» ji pi g * 4 j^UL>- aj L i jjjl ^>o < >.L.j. : 1| 
(L’Exposition jJaJ\ JJ Jll ^JLliJ ^ j-p j^p jU_>- jUi? jAaJi- 

j^jLa ^Jl^I li!)UaJl Ujj ^ aUSJ 3-r-» j 4d’Euclide du Pseudo - Tusi) 

nl ))j ®a^-^jia oUU® Ua-oUL1j axj! jJl ( jS jAa) 1 SjJbLl IJla L) jSi jl5J j . 

ld_A ^3 Obj j US U—aliM Sj3Ua« <1)La j_> <jl Jl l S >1 Li fiA-^Jn^Jl 

. (Saccheri j Wallis) ^ ^U j ^-Jl jJ 0 L 3 I jdl oL J^> J\ Ji c^lSJl 


. ILL- C-Ojj la 1 


nr « 


.^lylll ^ _>i ►Uiill ^ (T^) 

•^>11 ji U^- (r*) 



Ljjjl ^ oLw»LjJl p-LJLp Jl cJLiLiii AmJjaJI ot-o'S/i t)t t£y Ijl£-*j 

ojL>«-lJl Ju,<a <8 >j $ jJLp (jllll (1) ^-iJl 4 LJL-^ j^P * 4 4-jjJtJ! 

0 j-iJl ^3 ij-N-Jl uU jJl dJLlJlj ^JLp jlill jJLil (J^L>- 4 4 .la-** jjdl 

. J 4*JJjjS/l 4^^J| ^3 L*L* 1 IJlAj . jJLp ^j-x-aUM 

i>* J-H" J*->. 4 J* V^-l 'csjj^ tclUS £* 

cJL^-pI p 1 3 » «Iaj 1 .4. « 3 p | i«<ii *t-> La ^jLmmS’I ^yJl lJjxJI ft.l Wi 1 1 ux*L)Lmm^1 

0 j j-a-ll Ljjjjti 4 ciUS JS> I Jl t . $ J i jjIj 0^3 OjUj ^ jjIjiU 

|»JLp ( J> |1 4 ciUJlSj J La-pi ( ^p LlJ- 

^yJl ^LyLlliJl o^Lj^uilLj ^LijJl jj\ j ^IjliJi ^LS ^iJl oUL-Jl ^ la n » » 

4jjJflJ 'LjjjvJt JjL- ^JL liiJJlSj 4 jL— oJujL>-j S ji C*->Lj 1 , < » » m \ 

. <L**«li-l ^jUUI Sj^Loa &1^ia oJUJlp ji *^L>- 4^-^ oLjljiil 



- \fi - 


CjIILjlII file 

CitiUdl pic. Jj y 

jtj* iSJ u 

2 j_*J> p-jJiS |»-i p 4 ^jj>*jJI oU y- a-^ I i_y ^y -Lp-L*«JJ ^JwaJI j-aj 4 bb»L ! L U l ^-Lp jl 

c-Lk-Lp <jl5j . jLjjbLl <Jj-L>- d *d} c£>Jl 4^^^-yl yj (di ^i^JL dj-^l 

t a i ,,/a.l.) i^lpLsaII y j-5.ll ^jJlIJ! y jJl t L p*}Lil yJ-Jl j y!l y- c I jJjLl*J Ji Jll^Jl 

'ja U IJl* j) R z j£S\ jt o jjIjlH ( jia* l.jL /a») ^UJLj Lj jJxa JU-1 c-~d"l d^L*j L*j ^t 
£l*JdJ ( . . . i 120 4 3438 c 150) ajiL£ *lkpl ^a 4 (i? sin y S/Jb ^in j La aJI 
^ j ^ aa JU-^1 ^p J&aj j .. / 3 - i Aj N olJLl! 1 Ja ^y ^-L*J! ^L^-J <1)1 . R 

Ju£ 4 y^Lil ^-LJl j jiJl y cy yJi lLULi]! *LJLp ^jJ 4 J>- jl O.J La ^...^,11 yliS* 

AL*a! J*i J jfr A3«b v^U^P^J <— l-J-A (jl tjJJi e— ^ J . AjJULgJl JUaJUmJI 

j. ^ «t» ll ajIiS” ^y ^y j : ^ 1 La-i aLj (jDl |v>«-saJI <l)LyJl <jl . L^^jJLaj yJl J_s^ ^Jl 

^dj 4 (_£ ^yLla ^j^ajLm* kili^ ^* *** jJ^ 4 yLJ 4 ^ « J L ad I y jaji.4 1 h < 

^S\ jS3l oLLj- a-s^14-!j La Jj>- ^dj oJUL*il oLL^d-li . I«x>- a,U>»»| AyJiiA LLa* 
Ajjl^il ^jU 4.1 Jj a ^y A^kjUll AjjljU UJLs^ 

!»LlaJLj| ^y A-a|jLp*fcl--»l ^ ^ La iJi-Aj i? = 60 ^a) <^J^r j* 5 J la 5 1 jL«~a jj J (_^Sj 
1 ^ »/2 n | (oxla^Jll) aj ji-wJJ olilill LjIjjj |^y ^^p <J j-sa4"1 |«jL) IJl^Laj . 

aJLaLI ( j-A j^JiLuJl J^saaJI ^y 4 <u*«.aJ c-^jJL*Vl IJLa jl>>Jj .y-S/l y* 

ya-sAlj (^ JJl jLjjV! J jX>- £-J>J ^y LaJj* r.l^ a 4 tyllS' y (JjSll 

. ^^-ijL. - ^IjJl (j y> JL^-na oL^L^I oliJ (#) 

. Ja j— J.I Jb dll I -La i>*yj pli 

nrv 



ALA jA t-S-.L? 


Jp J-Lj> ® j^CJLA Ajj j&\ OjLSUiaJ! Lol • uV* 


Lp- jl> U ISJ t^la.M^ill L-jllS” oUdiil aOj t la A y>J Jp i ^ aJtA 

<— » ^*Jl dJULUl *U-Lp (JjJ ^w>l JLil j . ApI^j ^iS'S/l ^_t I ^_L_] 1 ^ ^ /3 > .1 LJj^t Jl^L«<« t Lj L>- 
t AjJJL$J|j aJUjJI ./ > - ! 1 1 Jp |*-$P^LL*I JlJ-Ajj ( jLajJl {y* 3 jJp aJLP Jbo JiljS/l 
jlj . A-i jJLo L^»W>I L^L> t ll a « /a .4 oJlS ji j c aJLw* AjI Jj>- Jp ojJili oj ^S oLSlls 
Uj-aJI (^1 i <l)L«jJl ^j- 4 i.i.-^aij (1) jj JL*_j V| ojL^-j Aj ^li ^JUI ^^Ls 4>^/I Ja-n-j 

A-s^LsM Jj^I cjIs^jJI Jil ««« JL1 Aj-s^Lj apL-^ JJ Lo jjp jdLJl 

(_£-Lll JJaJl aJI^ a 4 ^ J p-J&Liil ^jjuu jj dJUS JLaj pjj . dJliiL 

^IjpJ A-j^L A~Jj 03 jJI ^^3 frLo-LwJl (■*)! jA j*A*J . < - £3*}LJll £^tl)l c) jiJl A»l JL JlLa Jt>ol 

li>- j jj Ji oliiill jJLp- (1)1 J ji]| ♦ oliiill |»JLxj A-pl>- O^Ln.1 la */3 aj 

^6 '*•+ /} I V 3 jj 1 A-dJ^ «*tL4J . A 0 A3 AtaAad^j I I O LS* (_£>Xj| . l ^ P , ^3 

JS\ j^PvJLi J j|jL>- ( jP l d^Pu-Jl 1 L*Lu l aJUiLm^* olil^i S^La JbJbU pJLftJl Ijjh 

. ^ j>-l JL*t J^UU ljil>- (o^ ^ill j of’l yiJl U- j+A>j 


Zl+~S\ a-^UM AjidiJl oJub j Jl ^ 3 ! ^JJl jjLill Jlsa-aJI IJu ^ ui j— » 

Ajbl jJl aJU-U : ^.yall j j-sAill Jl ^j->- jJl LJLp- j . olildl pJU 

cJ y* j . aJIpj-^ jl aJUIS^ o3 ^>- y l^J V |JjJI l-i-A J Li jL^i 

(Viete) oLi j (Regiomontanus) ^ jJLu ^ j~f:j 1 yy~* JSl jVl A jj 11 ^ ^rr*-^ 

oLJdl ^_U jlSJ . Ljjjl J* oLliil ^JLp ^ j (Rheticus) ^ j^yjj 

^iJLLjJl ^ Ip «w^>bj1 LoJ^j c cLLLaJl <3^*^ Cj l)1 yy* Jp ^j5 

1 %-Lp ki^lJjLdil jli vlLUU . oLlLLI ^JLp Oj y dUi Jl-j 

JLi La Ou^ • AijW*^^ (j- 4 ^ OllLil jJpj ^ ^dJl oliJLil 

o~La Jl 3 >jAJ l_3 y*t ^ . I^J jA*A^ ^jJl 1*1 La *> ,/? 3 « > ^1 JUJj -Lfi I ^ 7 » & I (1)1 j 


dJUi5 j . ^Ldll dJdl j* ^ jI» ^ j ^1 dJLII jp La^ jup wu . l l 

V J .JL^I LaJLlP ^dl^Jl jl ^jjl A) ^j| (^jJl Ifl^AM^II ^L-a J q1 . » o (1)1 tiaiM j^a d)U 


iy*>- ^1 <— j^-jJ-1 ^y^>g^j ^ Ld l c— > y-^T jl 4— 1 c-J jj A^olaJl JLpI jaII ^yuu 
Ljjjl ^ Aijjj^ oJl^ jjJl ^prostapherique)) sL-~ll LjL-J-I aaj ^J aJl t j*UjJI 

. pJo jIp JUI JU- 3I JJ a. Li 4 oils' ^l J jJLp ^^LJl j jiJl ^ 


! Jtt*l y '^i+t 3 jj ^JLL •— 4 j-^ll JlJbl Jp j^J* ^dj 4 ( ^ ) 
co3 a. cos 6 = [cos (a + £>) + cos (a — 6)]/2 

J. Werner or Wittich, in: Dictionary of Scientific Biography, 18 vols. (New York: : a!U- JLI 
Scribner, 1970-1990), vol. 14, pp. 272-277, and pp. 470-471. 



jlj < jj» o jl» flA*jLa ^JbLAil ij/i m t (J jS^j (1)1 oL-m^LjJ| LJLp k1jJl£ 

4-jLL1 ^ 4 LiA>- L® I Aa j . AJUS Jp ^/L® «^LpI L>lj JS j . Jl^Vl L Jb clJUi JL*j ba*~~t 
(1) jiJjll 4~~iil ^jJl vers(t) = i?(l — cos t) jiLil v»*JLl»J 4 Li^ ^1 
(_ * .->JlJ aa—m-^-I a^Jl! oj . ^L&jdl 4_« « > > ^LiJ^-a c — ^ *J ^jJIj ( ^JULgJl ^-L*dl 

t 4i^l^Jl j*j£j La-3 Ap-L aj\ ^a c SjLi^U ( aA ^1 (— >Lp alp 4^®j^lLI 

-LiJj . (L^J duiJll ijjljJl £-* La ajjI j u^> JjllaAj L-Aj) 4j>> jjLw® Jl fl.iL>> 
c i^jjJail ^^ip- ^L^.iA*y L oLajjLp jJ J^*£ Jp oLLil £*pj 

oLaJjll ^3 L^JiaA uLS' ^iJi DL£l! oLJUtil (— >L~j>- JLa3 AJLJJLSj tSAjli <l)ji ^W? I 
AJJJJ c oL^L^JU jl>> jl! jjiaJl 4 ^ jJLJl ^jA o j*j& i c^LLll ^JLp c-^S" I j All j . a^SLLjJI 
<L-jJL Lu^nJl <Liii-l jl . ojjiaj Jp-1 jA {j* iL>- ^ J5^ Jp 4~~J a ^ laj ^yiJj jl LJLp 
• JdaJl iJL ^ J {jLa Jj^l cjLjLkaJIj JjVl A.JL11 £-mPJ 4-d*-p- ^5-^ Ldl 

c <L yloJl o'y 1 a) 1 d j-p- Lr ^l J JI JuLp^Jl ^ Ul>- *— Sj^j L® JS^ jNl ^^Ll* 

. LwjAL^JI Jfl .'A. ® J^JL j j5Lo oLL l l |Jp ^ IAj (_i! ^ 

j£M <~a*aa . \ 

4^iLJLjLll oLj j-^Jl 4 -JLp c-JLs*a_>“ ^JlJI ^aa^JI) o LS* 

JljL ^*>»LJl (1) jAJi ^ aaaII JjM j Ja . ll j LjjV I IJla j^a Lj- oalp! ^iJl JjL^a-L I j tLj^*Jl 
LUd 4j»A^-od1 4-^1 jaJI J . ^ .-d 4-o j^Ll I a^s^LjJI aL^fl ^3 p^xL>- c^JjLAi aAa 

J)! ^1 LJUi (_£.il (A-ijV 1 Ijla j-spLp (—3 ' jjCj l)I 1a jA^ LJJJlJ . iaL^ j^Jl 

. -u-1 jAll o aa jlipj ^LLs jjL»xii 

w^LjSfl® ^ ^L aaa jAj LS 1 c-iL^>JLl Aij^il j-s^LxJl Ap-1 j| 

ALL 4-^aJ (_£aJ) ^-^L*»'yi j^aJL ^-L*Aj c (4--^LiJl JjIaJLI ^1) 

4 JljLLI J- rr Jl A^-a La UlA J . 4— ^51 J^-ll •AjIS’ J^~ <**->• jil 6 ylAJl (_£l 4 ^Jjd 1 

(ALL Lij-dJ Ail . a-Luall ^Ap ^1 L aJLn ^>il (_^JUl j^°Vl 

LijljJ) caL^L-aII ^e Li-La Ujj I ^la mi >»ll *— »LiS” Jld-1 ^^a L*-£ 

j*->cJ ‘WpLM oL-jAJI jl JcjLaJI 4(4jJjJ1 aLjIS L>jljJ) (jiVi ^a jl ( jialil i 3 *>La=>~ l 

^jJ-Jl 4 JljjJl jJL*-w8 ^3 ® J_^ll 4-P~j^)) 4 ®4^>>jAj|))) £Jj_-J1 viLLs ^J-P 

LgA^oj) jiV I jJ_p jl (JljjJl jA— » J-p aa*-o LiLi- ^ Sj ^ il JsLiJlj 4 (« J jiVl j 

* ^ • 

^ jj Ail . L-a jJl 55^ >^"L S^Udl 3 j^Jl ^a^- (<1) j-o->caLI (^aII ^JlDl 

JjA>- t— iL— >- i ^ ^JJl ^ ^JliaJl ^ jAj ^ j-l-4* ^ja^pcil ^3 
aJ-oP La jU SA^Aj . ^JUaJl 4p-ji J j-lp ^Jp J j.^pHJ A*p 1 jJl jl^a 4 A 3 I jil 

^ aUSj iE a iijJ> JjN\ Jp 4*51 jJl £j^J I ALL Lk3J Jlj 47 ^ y^3_^l ^L Jl >*>! (Y) 



tU^UaJ 4 ]c3 m ~*j ^JdL <~mA ^Jp ^y*j l^-^ 4 AJLA j**a (J_wJa_> yA 

. ^QaaJi yljOJl ^\jjl j* Ji^-L* J 2 ^£)l Jp ^y*j* 

* * * 

C~S L ^1 ^llS” ^ clJlill JvaiJl ^ JjVl L^l ^ J>J 

o-ip ci^L«jj ^ ^LUp ylj^ ^Jp j-4 ^1 jjl <cl^j j^j 

jjljjJl £tjjV 2 jjL~u* £^LpI l)_^ 7 LoJUP t AjjljJl ^JlS ilJUL® ^ <ju*p aj^LuJI 

jl ( J- r » <^p- <1)1 ^JL® Oyu oL^JLi <Jp ^JlUll JtSj . ^^llan-ll 

V—^b j » 4 .Mfc lJ ^<^3^ I JiAl O^HJ ^m4>*m 1| L»> Jw«pb" ^jLwJ 

<jJl (fl JpLill jl) 43*^L*Jl ^Jp ^J-sA>»j j . I ( jJai C.AsA> (_$!) jjp L® y-~&A (^*j ^Jl 

dJjU ^ ^JUaJI l*LgJ iLLill <LjljJlj 4-wLiaJl AjjljJl ^ydLp JL>-I j y jJl yo Jbjy 
^^iaJ lilp- <h+£- (^JJl ^LpS/l ^^pLj (Jp AlA J^a l‘.A t Jg lil t AjjIjJI p-5li 

J i*j\ji l oLLi! jp ^Sy*J JlL® IJlpj .(0 . ^) jJj JiLUl >;!) ( °<JLll 

^J^-dJl y># li^UajI {J* y *„ ♦ Ua* 4 _jIi^ ^3 ^JLcl» Ijj! jP J_>-l j JjU ^ 4 ^la < l w>fll 

(J^1<-mJ J-* 4-*S jjt jL jS/l C.» »«« ) ^JLp-l jl L«JLp 4 u-4pLs®iiil ylJl jjj C< ■■« >u ^ fT 
6 ylip- c yy® jJl (_^l * ys >«-L)l j_^ ^ dpi y8-)l 4 pL*«p jl j l^L^Pj « (yo^p-I 

. a £ jiJLil a^pLjJI oCLJl V j ^JaL-i! j-j ajLIiJI iiljj>^/ 


JaJ*- jjp yE jill ^Li jJb 47 /f jjJl ol7 t H « 0 - jjJU J Jjlil ^JUaJl bj£-i JLjJUP . Aljjo* <lii- 

bj£j Jaj» ^Jp Zisailil CJ15 lilj .(jiS/l tJ^lj jT 7 -^ *“ t aljI—Vl 

. ^J:.A\ ^JlkU LLIL. Jslll ^lUl 

<Lli . ^iJa.—ll <La jJl *>UU 4 UJl <>..-•.] L t ajj ^T lil jl>*iJ (r) 

c(r^ 0) r J J J5LU! L.JLii-1 lib ^Ij3 ^1 yt ^ J5C1® .ylj J5 Jp J-kdJ 

:BDG ^Uilj JLJdl Jp c^i lit tUUl ii%Jl cui ip ^J lI aJU 

( sin BA/sin BE). (sin GE/sinGW).(sin DW/sin DA) = 1. 

! LJ jj c jj ilA j^JLJ j j-yOlJl Up a-LtJLiJl (^iijll (_^jJ ^ 

sin _ sin AW sin GD 
sin Efe sin WD sin GfB 

J 

sin AB _ sin AD sin GW 
sin Bl2 sin DW sin GQ3 

Anton cider von : ^JaJl 4 L$jp ; 4 yJl ( A-wjJI j u a^ : L« Jp 

Braunmuhl, Vorlesungen iiber Geschichte der Trigonometric , 2 vols. (Leipzig: B. G. Teubner, 
1900-1903), voL 1, pp. 24-25, and Otto Neugebauer, A History of Ancient Mathematical 
Astronomy, Studies in the History of Mathematics and Physical Sciences; 1, 3 vols. (New York: 
Springer- Verlag, 1975), pp. 26-29. 

.ABG 1 UHI jl AGD ^UJlj ZBAD ^Lj (h . \o) ^ JS^Jl Ja\ ( t ) 



z 



O- > 0 )^ J^tJI 

^ JlSL^ (JljljJl Ju^» ^ l a * 7 ^ylll diilS" J-C'lj-iil ^jJ*-*-* <1)J 

IJla ci ^P JLAJ . J ii'LjL^Jl^- l~>\s£ JJU ; JLL 4 JI ^Jja 03 jj L _ 5 lll j-MaJl 

^j-p Uli ^_i_Lijc oU . « ij^JLl JjIjlU Jl-Jj ^ 1 ? m. ayll calls’ J-J l-jIiSCJI 

c a j £, Jl ^J-P ^LJLC jl ULftjj A-J Jt>«j V Si tjuajL*Jl ( j*jLl£Jl (jL-*n 

L*_^J j ajjIjJI ^ajL 5 * j^iiJLa ajLJLiJI ^j-p j-jlJ AjjjcJrf otJ ^J-p oULi 

oLp j-o-sf 1 jl S jjb jt iJjjil Jja jl a**» jl Uj^>- JJLc 

r la..,* ^ j Sj.^Jl ^yi tSjjjTJUii aJU-I ©JL* ^yj jlilill j • ^j^LaLI o*Aj& 

LjLma^ <_jt!Lll jJ jJlj iJl <J *—■ w>.^- LjLww.4 ~L>-I Jjj j - jujl Jp** (^U^*ty<) 

la pS/ 1 Jull .ill (— Aj jL^wQ ^y^3 aAjLoJlII 1 a ^ P^Lyg i Lai . 0 i^jljLlI ^'UcJLJ 

oojj ^yi]l (JjUj 4*~jJIj a-SIju jhajllmJI ^ a jj j£}\ oL^JLjJI jl . ^ JLU 

^ylJl diSsS (_£ \ 1 taXp) 1^3 ^JLaj Ljil 1 . I ^ *i Aj » JLpxJLwlii o 3 _^~L>«ll jJU I j ] a u c ^Jliu^iil 

o^i ^ ^1 j ((<— ^ - ^ °) pij Ji^LJl ^1) sin a © = sin A©. cos e/cos S Q J 3 U; 

. y\j* £jl ^ -lajjj LySl AlA ^ JL?-lj Vl jl 

^xL»3 c 4am 3 1 iajjJl 0 Aj_j 1^J ^UJl tfll 

tsin ^q = sin Aq . sin e tALL-Jl oJlpL 5JU AjJLLfJl 4_djjJaJl (c-» ^ _ \C>) pJj jX-lJl (o) 

! ,_jAj L y Ia .....> JLI ly j^aj ^JllaJlj jJLnU Uajl ^ ^>-1 a^^Jj 

sin a© = sin A© . cos e/cos 6 q . 

ws 



^ 1 1 oltiill d— >x^>x-i JLil . (jyw* ^LaJjl j C.3 jJ! 

ci-ltaj c ^liljMJ Uj 4-jajJI 4jjIjJI i pLojJl i j **-*+& L^a ^ili 4JLM 

. Jl 4jjlj t j£> <*i*>fcJL 


1 %— ^jLlip! jlk_> c (_£3*!)LJJ ^-^LlI! l) j-2j| ^3 Ljd ^ JJI viLLJl ^JLp ^Ijj iajlSLj ^1 j 

^jluJJ JuaLi jju fUJL 4d)L jJl j JL^Jl £y* 1a ^- flJLj ^iJl ^%-JLcJL 

sjJJS I t R = 60 AjJU^Jl i-wJ ^ j-J^-lj * ; 4Ja-wal I ^ja *L>wM j 

^t_w>K^ I JAj . 4j L jJL > I jjjJaj 1 j »/3.1 >d^*il j ^Ja—^Jll v iisa 4JL*j»-a 6*1 ji 
e-&^Ll>-l) 4 ->t L-hm.* oLJjLa 4.1a .*j1 jj cI-»LjLaII ^A-w-.i 4_La CaJL>- (^JlJl j-^Jl t 

^Jlj-U JjA>bj Jjlc ^jJI jlJLH ( j-a ( j^aJL>tiII ^Jj . ^ 4 JLU 4 jJidl 

Sjj j-saJL I 4 J * ( JjJL>- jjJb ^JUaJU 4 JLa ^LjjS/I i-j^T ^ cj SJ t jlLJI 

Cat-— a! ^^iJlj ^4 j JJL^Jl 6 jjljJlW d.<.^.>*Jl 4 j j\j *Js Ajj . 

! 4-Jbxil L^LjMJL^I jJ^LLo J 4«^S1 j&\ jj* JajjJl i-L 4 ^4jLiJl® £« LT JLLj* La J $ d a 

jljlia 4-3 jfr lil 4-JwajJl 4 jjIjJ| JbJt^- Vl jA La 4 4-JLp e_3jL*lll 4 aJ| i ^Lw^>xJ 

* - ^ t 

4j*-j3» j JJ.I ( Jp bbi^l c^c^li gy^Ji dili c-»LjIju>-I Lai . Jl 4 jj!J 

J^j 43 j yC JSwo 4— oLlS* L«Jmj c ^il 

oLLlSLI ljiL>- c^JlS” j 1 4ji>c_Jl 'U^JLaJl JjL- 11 ^1 4JL» a c.oL^a I JlaJ j .4-oji 


jl ^i»l j-li'bf I £_>i tOwft-*-Jl 4o jl j k jLw^j>-) oLJIJL>-^U j-A ^ j ^ o 

. J-s^l jJl jlSLa ^3 4^>a ^LAjjI JbJL^* ^1 O JL^- LaJLlP (iij 4-JA^Jl oLi|j^>-^/l 

LsjJ^>- ^3 JbLl IJLa j_lp c _ a 3 LiSLl j .S^JLS^ ^ ^LjS/ 1 ® c-wLLp -LiJ j 

^ J-Lxjl j->-jj-a . ^U^ll 4^J L«J ^iJaj jA ^Ul 4jj oL^JLlJl jlJL-a ^ a j-jL»Jl 

. 4^iL| 4 j^J j £. Jl oLXLaJl jjJall p. ^ jfr -LLP* 4 ®4X*a)|M 4JL-««a 

gjL JUAJcdl IJa (1)1 . 4_-jLw->- Jui*J oJui ( jS' 4->w?l J a jSli ^la^j N 1 JA j 

u^ill ^ dJULUl pJLJ Jsl^Jl jUij'yi ^ J «^LjVl» ^liiJl 3Axdl ^^SLJl ^ 

L^JU_L>- ^lil olia* Jbu V| AjJ j£S\ 4jLJL4j ^JLd ^s^s}\ Lai . ^3^1 ^^LlH 


. lLwLII 


Abu al-Rayhan Muhammad Ibn : ^JaJl 4 La jXl jl V j oJlL*-* JJL-ll oJL* (1) 

Ahmad al-Birunl, Kitab maqaTid'ilm al-hay’a: La Trigonometric spherique chez les arabes de Test a 
la fin du X 1 siecle, edition, traduction et commentaire par Marie Therese Debarnot (Damas: 
Institut fran$ais de Damas, 1985), pp. 37-38. 

Neugebauer, A History of Ancient Mathematical : ^JoJl <.^L L* L»jlj ^ (V) 

Astronomy , p. 116, and Edward Stewart Kennedy [et al.], Studies in the Islamic Exact Sciences 
(Beirut: American University of Beirut, '1983), p. 173. 
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jLi! ? o~> S LI o>LiLl*j +Ja*.i jjJlo S-bJjLl JjL-JJ oJL>- ^JlS 
,, > 

(JjlJiJj ^a*j 1*^3^^- ^ L-*-Ip ^iJl S ^».tll j^p o^^/^L>«il 

o j£j ciJLi j j3 t j*A aIi?-*)UL S^JbLl 0 J&}\j . AP jXIa J j\s>- p-jJliJ (1) j-^Ll| APj*~*j 

(J,} o-uL-s^l jlSJj . JJaJl ij-* xx a/s ) L$Jl ^iJl SjlpLJI o>Vl jJI ^Ijl>o_*jI 

^Jp o j£AS iS^, y Jt *~^' ^ Lj.« »i \ ^Jp JOL*mj) 4 « la « L £■ Aj3j^_L aJL>^_L A-^j.A * ^ )l ^ laJl u. 4 1*.^- 

^ 1 jp JlS' aL.AjL| a +£-*p ^Jl a-«jJjl^JI LgJ_} ^ -L -—ll 1 ^ a >*<l ((Jl^jJl {£ jf+~ + ^ 

o/Wjll-I ^ ^1 jpIjJDI VI Lp J jLi? ^ . aJj+JlI ^1 jiSfl ^LJ- JupI jj Jl 
JIjJUP ^c-<^wmU ^*aJ| J-—^-Jl l)I . ^1*2 mi '>■11 tpll5" ^3 JLM ^P 1 **> £ r \a »* i Jp® 

l)I Jl ^>-Vl JLaj eJu>-l jJ| jjljjJl ^|Ji_>«JL^I Jp c5 . » -.. J g j^ji ^LjJwaJl (^Lil* 

AjI J p Jl ^JgL^ jJl (l)j jjjJl (J^->" 4 — J j>*Jl ^1 jJtJl Aj ji . AjjJUail yMjJL )l Aa. J? Jp Ju.^g>cj 
A-m 5>LL| i**- 1 1 I L . /* 1 1 aJlaL^ APjaJ^ I ^ JLaJ . ^-aJ A3^jl_4 <_ « > \S L^m^[ AOd... 1 1 6»1 p 

jJLS^V ! jJaJl j jJaj jj OolS' Lfi! {m y-> m <> Aj^LxJI A-wkjLaII j j-L ^3 SJpL-J.1 L 

AP^JULo Jlpl ^3 4^3^L*ll j^Lft-il (Jj-aJI Aj L|A ^3 d» „A ^ 1 j-> . Ip j-y^ 

A— ALaLij C(l)l*>“'yi C-».lpl ^3 KaXA A ia *^! jj (J^Aj^LI aJjU 

4 (Sj |t-5l3 


ciJbll j?+j - Y 

cJULiS'l . (_^3^LJ.I ^-^LJl j jJaJl ^ AJb JL >-^i Lj j-aj Jj>-I L d_> 1 

J j->- oLa j *jo c cliJi c C— ajI j-j ^^pLjj dJ->- oLl* j_-il 

oLlftj ^3 JL JL>cl]| I jp AmmmJL 4 Jl'-A^' ^L> 4 AJPj*» j ^Lkj , A^ik-hjS/ 1 

clj^-P*s_Jl (1)1 ^ JL»J^ . |» ^ S^L^jI L^jaJ^cJL^I SJLw>“ jJl Oj^l A • - */9 ll 4 cil 1 A Jl ^JLp 

^jp j j .,/A j . Ajp ^-ii oJL& j ^Lo ojj” jj 4 ^Jj'y i 4 a-^LjJi 

f’lukip Ijbj . 0 j-^Jl ^cJa-«J A«ua|j3 ^Jp f-Lj Jjjl |»-A >^3 Sfl» JpI ji 

. A3 jJlil ^jaJL) 6 Alp jKi tiJJSj 4 ( jj<J^LLa Alft j*A ^jA 0jjj2*^j 4~Jb C-3 jJl ^3 vjJLLaJl 

^_*xLl)1 jJjJl (J^L>- AjjJL^il A^SCJLLll y+t ijjl y* JuJLuJl (jl (Jl S jLiVl jJL^ 

Uii' AA^ ^3 (1) Jjlljll AjLL*^-j La iJlP^ . (l)lp ji (_^l ^ 4 3^Lw«JJ j-JuLhJ|j 

La-^-3 •* J-AA4 ju>-3 i— jJl (Jj (1)1 ^iLe c_3 yu • A>-lj-l OP 3 

(^jl^Jl ^J-Jl J ./3 >C-J LjIj La^ 4^-pl jJl ^j-a aJ| . k_-w-LL| J jl^->- 

Aa_» jia y>- y-~+j i^_iJ^il jlS'j . a^AxJLa y\ j)au A>»OlJl ^-jA> ^Jp (J j>^o cl) I 4 ^j.^a-JLU 


_Jajl i(pJLjJl ^jI Ai> j]a) #aJLaJ|® J ya^^Al ^ oUr.la.-:il aJla JL>-S/ liu ^ j c$jL*Jl -AP (A) 
Kennedy [et al.], Studies in the Islamic Exact : t ^Ja^jo jJU^. Jj^JU ap - y Lju\ 

Sciences , pp. 621 - 629. 


nrr 



Ji ( (jl~Jl a-aL^ jJj fjli\ y} di Owjl Ijl^aj . (3^x y* dl* j-Jl 

jiall iSJbJbJl JjIJLJ! l)S/ i^KS j£Jl JiP-ta ^^3® jjl ji* ^^TU-I gi^ll ^ ^JL>U—»I 
jj^la* jup tJf-L-ju d)l y^*HJ . ^t : U..,m,:11 Jp j::...T 4aJL**« J.T JlA> 
db-^l JJ JT ^ ^ ^LJjil dlT IS} c-U- — Jl JSLtJ! ^ > Ijl >J 

<^J1 SJ-pUJI JJLj jlT ISI jl <ia j^A-T ^Ijl^jLw-VI w iiAj-J Jl j»l j-J^LlI 

oL>Lj y> j (P. Luckey) ^ dJUS iL>-N JLiaJ . JdVl S ^il 1 ^-JLp J,^,^ 

oLL-J-l <J^p- ^-s^d^ LsajI ^jJaj Jlj-J! j . y& S j-i c*->id 

i ^ jL»> ^Jl 4 ®S Jp® <J^ 1 J^I y df dJJSj • *2d j£3\ 

6^pI U ^TS <j! '■^ * Jul* aLk*^ JpI y ^jl Jp j t sjpLJJ ^y\ ^sS/l 

LgJ ( j-» J ^jlilj t L r ^dJL ] p-JLU-A! ^JlixlL A-^liM Aj JJL^Jl Aw.^all ^ J c JLpI yi\ «JlA ^JL>*| 

c AxdJil AjJj ^ laJl AAjjJaJl ad_& O-jIT ISJd . AlA jy 4 ^z+j*\jj (jLfcjj 

aJL>»1I oLJIjl^^/I JdL*^* c-»Ll^JI IJL* o_ L >- ^iJl aJ j ^ .«. II j~*ju dJUS 

. ^j^Jl dJLU oldlJi>-L jl idl I oldlJb-^ L> 


y> Xkj L«~3 +*j . d. At il (j- 4 iS^ 4 <Jl>- (Jp 4 [j # ^ 

^jJUsJ ^ c^L* dir . LpMi! j>)l J JM\ ^lUJt 1 1*. UI^I ^1 a^LAI 
Ajjt I ^J lJI dr 4 dj JLwJl jl>“I i dJULtilj olw^LjJI JlT aIpLU 

j^j ^rSfl c-jIiT ^ (yj^ dilS Jua li jyu* Al* j-il dJlA dl^ldl JIT . qaj^La 

J^dJl® y& ^jj j-Jl J y~iJ • 4— »llT y* aJLaII y* j JLp d-Jldll ^J-sAaJI 

|*Jl>- y J,-sAJiil ^LxJl ^j| oL^dl y Jua-*Jl t o- jJ* y • ®^l^-SJl 

! l«^a>I <J yu j . ^ta<H>ill l «. $ \a J^T djl^-l (jy y. 

^ ji»-T LbT j c LflU.>c^l j L^»L*jIj aaJjII ^ .....ill y LliT *y y c-oU y« *A-I jj! ^ ^Ij® 

a.<v «,<a p ^ dl^JL*< j (^^IdJuJl (jjir ^juJb^il ^ jdT j . aJp ^LUaJI Jb^dJl 

c aj I yzs\j ^iL*Jl IJla I ^-a » »« ) I JU-p y* JL»^ yt Jj?*I U^x^x 

. ®oU ^rs Lr ^^jp cj jJi i jL* y A aVjJ l3® 6-LaxJi dir si 


^1 SJL>. ^Jl A^J J&\ Ak^l ^1 V LT ^ dJUl J^iJI JA Jd^> J 5 ^ 

jrl! A^-s^Ljj A-^-l jdj l jy* J dd^ jJ-A 4 7 T^ -~ J ^y^d • > »il 

.«r. ^o)j(r. ^ o) uij u^CiJ!)^' ‘V J> v-j i*ji ^'y_ y 


jMLM 


jl t ( 0 ) |»ij yi Jjj l»5^ i>l .i rt i l l ^ l^J-fr Jj_ai-I ^^Jll ,y* l^l (A) 

. Awij jJLsdll 1 ^Jail c ^Ja— dl aJo**I y 

d Jl c A~J 4-^^ 6 Jl a A~j jj : y> y*J a/b — (c/d).(e/f) iJ^Ui! 01* I-ITa j ( \ • ) 

ilJLc-S/l bdapl IS} t AImJI ^IjLpSII oJla JL>-I JLpI y I4JJ1 • / A} C j 


nri 



(t - \0)fj J 




(T-So)fjj J5Li)l 


^ C^lJl j oJla c~j> J* JLaJ J 

JA 4 -~J ji Ufl* JT ^ jLj i 

6 jut . ^ <*£ jA 

sin AE/sinEB 

sin GD/sin DB jt 

C«J^ -idli 5L. U JjVl HU! ^ 

Vj 

sin ABj sin BE 

sin GB/sin BD j\ 


On) 


SU 11 4 JUJ! HUl ^ 


^j£* ^JJl ^jA jtii U-J V C^VlUl jA . Jl j jiJjll ^l»* A3 j 

jl 5 j . oL- HLL d)U jJl Hil tjl Jju HU o jJLp (jLJ ft ji ^ ojU 

* 

JU l^JUi^l ^jA\ a/b — (a/c).(c/b) HLlkll Jl I o jl\ J jj>- 

oUjJdl «JL» Jli*! jl . C ' T) ^^_1I ^kJl i!l^ i^il ^ S?JL. t, 


sin AE sin AW sin GD * . x 

i^cS : ^' (u) 


sin EB sin WD sin 

sin AB sin AD sin GW 


sin BE sin DW sin GfE 

oltu-yi iHjTj Z J.LDI j J& C WT/EH j AZ/WT j AZ/EH Jl Ai-tJ OY) 


nr« 



0 } > j| 

^^Jp® (JV XoV 1 ^Jp 4_<0 ^JL^alj i 4J*A jJi y* c-JUM (. (_£ y L*5^ i j $-1 a.7 

. 4*pl>- 4-w»p Lj AmJL 4j 3l Jp| ^>«J (_lj1 S j C lUUaII ^*Jp ^y ttfl ^^j| 

4l» Ja> tJj^Jl OILS' y ij^S3 yilli yijjil *A>-t yb j yUJl yl j»Ji 

yJl y* j-vaJl y« JJliJl Vi L>jJ yJj . yjVo 4lA^y Jp Ot «iLpJl 2jLwO» JJ- 

. ^pLpS/l ^y'bj ^Ja-uiy ^j-3 jj oJ*Oj 3j^O CjLL*> t^y^jJl ysi J 1 - -4 c y^^alj 

“^dJ • ci^\)>r^ y)j if. y) <^1 y»j-AlJl 6 j-A y yLjj 

AjL^A ^y ^>Ul AjA>«JlU j^jiJLp'LJl ylapl ^y« ^J_l_>*_^1 3y*^ ^1 £* oliL*Jl <j1*L& 

C L* pi JLlSl ^Jb-3 <ja.^x y* 4*-pLj £jLj ^jp <J j*psM ^Ju ^l j . (_£3V-Al j-JjL*J| 0 j-2J I 

JL^-I j Jupl 3y>-j <Lj tSv« I yJil JL3 j . cP y^xJJ oIaJI 4JJb yil 4<^jjjilJl <*j ^Jp 


jo» y ciJLLjJ! *LJIp l$Jp J-^>“ yJl ^olnil yo ylLJl y^ai! llj 

4jL 5" y (jj^-Jl a t* £• ( j 0 >j[j£j w> yJl dJp y^Jj . (ijj 3 |jJ<jj ^jjl y>~ • ^a-L^ 
JjUJ oDLj ^y 4 jLLJI (j| . SJbJLij- oLa j*a ( jP yd «O^S^ (_^JJl ^ j»Jp jlJLLo 

y yJj . ^£JLd! yyp-Jl lS J l cilJJ-1 y t £s>-\ j <iViJl *Vj-* L^oS' 

4lA 4.sA»/a>*il ^-saJI olp 0 <1)1 t jjJ-AJ ^>-jl Jp C A33La1! 

. 4-o^A ^SCU oL*»!j 3 jlU| ^ O-J jJx« 


^iJl 4jj->sJlJl 4 >^JOJIj Ikj (^ \ • * ♦ ^1 j^- o) ^JLL>sil-| 3 j-4_^- ^1 (_5^fd 

^->v-3 ^ I ^j-Jl c) l la LJ l 4_»lpj (O-^- ^JbM <1)1 4»<-j^-<jJl 4 )j*L4 ^3 O* ■«.«.> 

uLt3j AaJ_^ . Ip!j3 ^Jp ^3 Vl JjliJb 4->-^-L« <OjIS'^ c aJ^jJI 

jjJl jl-^lj • 3 (j\ £A Lj-s A?x3l» *UA jjflJl 4J C*>t!0 ^yJl 4JVI aJP (Jj ^Jl 

^^JLiJl £**11 cJ^Jl ^US ^ Ojb ^1 oLiildl Jl a^jl (JU JUlla <bLS' ^ 


Sji o^lj <jJaj . (r _ \ 3 ) pj j jJajl 4 GDB ji— it VFj >1 Js»UiiJ 4 L-j jJI 4 <- 0 _^-*JI 

I (Y > ^ 0) j JSLUI jjajl 4 4 jLiJ *]a+ji \ jj l^lil Si a* (^olt o-La ^Jjp 

(sin AE/sin AZ = EK/ZL). 

Jiwil jiaJl . Jj^^l iJLLl y «4 jojV| yilill SJpli» Jt— .L iij yil 4LA jjll CJ ( >V) 

.sin g/sin (f — sin a/ sin a! : 4^-^ 4 (A . ^ <5 ) j 
: o- (ill— *yliS y yj) (V - ^ (*-* j jJijtj 

BM/BL = EH/DS jl sin ABj sin BG = sin G/sin A 
BN JjUo lo (BM/BN).(BN/BL) = (DZ/DS).(EH/EZ) = (R/DS).(EH/R) : y ^-r.z.J 
j*-5j JSLiJl jlLil . <UkjU >4 ijjljJl ^fcwil Ujup (L^J jJ j BAd ^ AGZ jl^ j^«Jl L^j iDSj 

: 0» ((Azimuts) Jl k->bS y Lr ~ii* y j) 4 (1 _ ^ 0 ) 

/ZJ 1 / 2jL = HK j ZE y sin DM j sin ZB — sin GH j sin GZ 
Al-BIrunl, Kitab maqalld Him al-kay’a: La Trigonometric spherique chez les : ^k)1 ( \ 0 
arabes de Vest a la fin du X* siecle. 




a.\o) jsm\ 


^ j->*l 4 (jgj AJLj jd 

JL&3 . 0>Li»a j_«ll 

((ctULJJl jj_;LJ» oo^-Al »JUb 
Jj— >■ *Li jJl ^LJ£j 

jlxlJ ^A j . IfliLllS'l ^ Oiw>Vl 
a-Lc-li)) L^i jjo OwaJL 

fjli JLiJ j . ^ 1 

LllS’ (Jj j-*-Jl (JJ 
AJLjI J u ^ c ~t t j_SCJl JL^j 
dUi JUu IpJLi^l j c oh j-il flJu 
^ 1 ^ ^3 

j-aj tjLIJ 

J_>-1 ^j-3 4 (*£j 4— Ljd-4 jj— * _>T 


L> OA ioij OA ^Jl! OlS" 

4 (jjj-jJl Jsl?-’)^ 1^5 4 1 j^JlS JjjiaJl jl-Ajj j! . J_wj U-J <u C-J j-P* 

5^-LJLlil 4 j-Js-'y 1 (l)l-Aj-*J-J 4 ^ j-Aj 4 f-lijJl ^1 jLAj^ 

jjIj (^YY o) J*} ^4 ^UaJLj-l ^jpbjJlj 

>^11 kJcS j Sijl^l dpi jii\ Jp Jj^iJ-l ( ( . < w\ . <m Jl_^ o) 6jUL| _yi«r 

<W) (liI>L-j iijJajI* 
(£ . ^0) L ij u^XjlJ!) 
IJL_SL_*_, .((0 . \o)_, 

7-Lj V I .JLj LJOj 0 . 1 ,,f ? jj 
A I i A A 1 " £• <jjl j_lb_> 
^jt jlj • I *1 A l 

^ L^sLij (_^-Lj>iji-l i 

oli dJUiJ . Jj\ll o-jjJI 



(o _ \ o) JX-SJI 

. sin g/sin (f = sin a/ sin a ! : d..>- t(A _ \ o) JiL\ (No) 

. Oh J^k ^Jju llA ois^ ( \ N ) 

Lr _UU JiL ^UL! J ^ ^1 a . \0 pij JXjJI Ojli (W) 

^>p ^ . : all (o^o)^ ^ 4 sin ^ G /sin A Q = sin c/i? Jl /fiV/Zi/ = BL/ZB O^Uil 

_ sin BG _ sin jy E _ . . . 

sin sin -4^ >17?' ^ ^ ^ ^ 

.\n > ^rA J m . ua^ ^jl^ii :>;i .d? ^>1 Ulo 


r» -i - h i i *T JftV 1 BL , K t sin DE 

D 4Ja_oil JjLJL^I jl Ajlj = aJ^LkII Vj^« 

Zn ZB w 


JJp y Jl*pt J *JuL pJL^. 


<£\ j c,^^- > - pJ Jj t(Jjj-Jl j-a-p J-, a>- ^ JL31 <L5Lli ll oLjlaiJI k- : .~ r > 01 

J^- J 9 **^ flj£-iJ|8 lx* d)l O-Jtj <1)1 jC*jj . ® J^-JU J » J ^jjjyS 1 

r J}\ J*JU C«^l JlSCjlSU 4aJp jlk; ^1 aAJUI SjU)I 1.1 .£>uVl ^Lj 

- bjljJl p-Still djoil c-J ^>- ^ 4 jM*J|j OojS/I ^Ul! SJLpU . AJJb J-Al ^ 

a-«L*J1 ajl& jJL> cOjj-aII j-^j 1 4-w^f Jj! ^1 *1Lp-!A1L j-iJlA-I ^aJIj 

J^-iJU cJL?- ^jJl ^li jJl u Sf J^UaJl 6ju>li (S illiA j . c-> _^>JJ 

• cJ ^43 j+0j (^1 bf . « Jlill 

jjl jj^. t . U aJ^Jj Jlx3 1*5 4 (^ \ * Y"\ Jl j>- o) (31 j& ^ j+gj ^jl _^S/! ji 

^^1*4 J^J aJJL£ VL*-p 1 4 (^ « o • ajl** juu ^VY* ajl^ jJj ^JJl) Jj Jl 

jil { jJu^tj 4 AL<a ^^j-jLjl A-^lJ- J cIIIaII Jju QfiZ^ AjLllSj • 6 j^gS* cJjUll 

jJ aj^L*iI <1)15 j . j5^M aL. 1501 JjS/l _JI J^>jl (jjJLJl j-*j • ^ 11 

. lijb ^j^a AJLlli)l aJUII bb ji^y ^jJl oLjJwaJl J«- « Jl IX* I j% y 

J>- jJl iJbfc JLi JLi) . ^ ^-Jl J > yLAA jA (jjAJl (.jb^Jl ^j/a« ll (31 j 3^/| 4^*'j^Jl 

. oL-^L^I aj J b Jp jl*. L j (_^JDl OIj^jJI (^1 > LJL-L.1 a5L^l^V1 oIjJl! (J1 aJI^II ( 31 -*-ll 

^ 4 lL»1511I yA xJA pLoJLp t^ybll l*^Uij <1)1 J-j ^jjl j->- ^ l*^>jbu Jli> J-ilj 
(3| jUUit <^->L5 y j . oJUJlA-1 4jyyS\ j^a^U Aillll JLjIaJI ^ J-*-£ bjp 

S jJLaJI cUULj ^ (^VA jl ^VV . ^ 1 * ) ^Li ^J1 jj! <1)15 j . ® j^iJl 

4 LaM^jLdl l) 15 <. n . >~ Jl A lw? ^ y3 Jj (jl5j • A*J>LP tj^uJ ^ > « 

4 frli jJl (^1 ^Ls^jl jj^Jl j5S JuJj . oL^bJU j cULUll ajL>- y* j£j L^s y ^\ j 

JJbJl ^j3 JjUll ^ Ul wiV lLUSj 4Jl>-1j cuij ^ yjai\ O J— 5- JUaj j ^ A^e jjl*Jj 
. OL^LJI A ; tf >.la7 j bjiaj AP jjJLa L5 Uiul p-Li jJl jj! c^ijl JLilj . <5^l5Cllj ilJLlu ( j-j 

1*jj (^JUl J AjL>* j^~jl ^ AjUI (jji\ ^l^..M>all AjL5 ya l*^a Ul^a oliliil J^j 

Ajc^JI oliJjll Jp Ja^aJL (_^ LjJ O jil SJL>-jJl aA? ^ la>»il <1)1 dUAj . LasU 
> 

^ C-JL-j 1 J-A3 . 5JbJL^-l oLjb jJl C-Jjilj ^iJl cJj jJaJl Jj JL aJ 

^1 Juoi . o j-wJI aj15 j. saI ^1 JJ ^ ajjIjJI ^lill clJbil ^ OUIAp j^S/I J jl 

Ja ij <5Lta^ 4 (^J^>wte-Jl (^1 Jj^ ^a Aa*j^ AjOji^ «Xp(^3 JL>Jj>- <jl j~g-t 

. sin b/sin £/ = tan a/tan a 1 : <L~>- t(A _ \ o) J5-1JI Jail ( NA) 

nrA 



<JLj j! 4 . L ^aJ»-S/l <J_p ^j^Ll^a 4 -La ^4 

(_^ jJl J /* ‘ ^1 c— >llS^ ^^3 ^il 4^— j J l J ^^LsP^I ^^Lj flJlPw-*l ^li jJl *t JlAljl j . \+j> jtu 

±AiS ^3 (*li jJ! jJ ^1) J_A L^aJJx^l ^1 J-5! jiaJl j! JLij . *\Xkj ^3 4 JI J— jt 

J l^LL^-3 . j-s43 L> Jjl L^JL^ i JL^I ^1 lLLL> ^j-4 J— /2-$I J 1 jl^-l C5^ ^1 

c5-* ^ : « ■** j-> ^ . ia » l ^ Jl jLSLiS/l 1 4 . * . 3 O^ 3 J~*~i OJ J-?? ^ ill 6 4 

^1 <Ji 4 -— «jJL i (jf*j 4 ax^LiII j^ill aJIm* j 4 JU ^11 o JL a »— 3 ^ j 11 t— >1 zS 

4 pJjLxl j . IaI ^-4 I 43 I JJ jts\ jl yS> iJlAj 4 <U j £ ll olilill ^ intis' 4 j+0^ 

^JLjj . *li jJl Jfi ^ JjSh £~JI oVUi! 4 ij—j viUS Jl~ 

^J-P .A 4 dJ La li-Aj . 4-ull^Jl 4j^L>xil fti-A (JJ 4 6 j-V»^ A ^IAj cLlli JL*J J (^JJl 4 JLJIaII 

S ^Llll LJLJl jSI ^11 ^j3 ^Ul illJl Jp j cciuil li^J C~kpt ^1 4-^S/l 

aJL««< ^J l oLiLj jVI £>- j-lJ . LaL.^ »1 <J[ LaLoI ^ja 4^-wkL^JI ajjj-UI j^-aS/l 

. M ji\ yV ^ v Wl yul1 Lr- cHl ^ kjl ^!l oLLJl 

v^JLtLI ^ ^-^LjS/ 1 v— ^-w>- 4-— «J® I e-> ^w>xJJ oLJl 41 a jji.1 j*-{ aIL- jJl * — » LlS" Ijl*j 

^1 UjjJl a~J ^Lp 4 j^u Jl 4 6^53! Jp ^Uxp ^ 

. m (JI j-JaiH 4 ^j* 3 *-*' (_^| 4 L^JLLaj 

: L ^la^,.>all ^JjL-^a ^Jp L^iJa j 4jaJb^ £?*** jj! C^jl 

! jjp%U oLJl 4 La j^il « 

sin a/ sin A = sin 6/sin B = sin g/sin G (\) 

: (G ^jl>Jl ^Uil ^iill L^LLI ^%Jl . 

4 sin a/sin A = sin g/R (Y) 

! 4ju^oil jbjjiJl j cG 4 jjIjJI pjls oLl^LLI ^ ^<1>LlJIi)1 0Li5^L#J1 j 

cos A — cos a.sin B 


Paul Luckey, «Zur Entstehung : JJ y> JJJ - j ^ j> ^Jdl iJJUJl ^-Jll •— >b^ y> ( ^ ^) 

der Kugeldreiecksrechnung,» Deutsche Mathematik, Bd. 5 (1941), pp. 405-446. 

& r** fj 4 <3 1 J^ Cr 1 . (J^ <y. r) : Cfr^ a? cj o* *jj L* ^1 

J J j~~>\ (1)1 «iJDS J] v. A-J 1 . ( \ ^1A uJjIaII o i^jta La> 4 n . la 4 ! ^jJjJl 4 ^LiT jJL^>>) J| ^Jl ij-P 

Al-BIrum, Kitab maqalld ‘ilm al - : jjiJl . «-U jJl ^1 0^'jHJ cfl d£*l ^ 4 J^-Lj t ^ jjl 

hay* cl: La Trigonometric spherique chez les arabes de Vest a la fin du X* siecle, pp. 110-137. 

(J M * » t . U pJapVl JJl Oj^i LiJLlP X J-1 6b(x) JJ COS j ^UJl 4-^4" ^ j* j (Y * ) 

. B J LjL-a 


nn 



cosa/cosA = sin g/ sin b (T) 

90° - A = 6 b (90° - a) (i) 

oLj\! I J-Aj . oLDl ^ja j~a oUt ^ JLilj 

<^j\sS ^ LfiLfcjj $ jj <jl (T) ^la *7 4-^alii-l <LltA-l 

(r) o^J! £li^l iUL^II v li* ^ .((V. \o)j(n. \ 0 ) Uij j!>Kjl 11 ) 

(T) 4j^L*JI jj-4 Sj-*iL-4 iUL*j}\ ^ S^jljJI ( O t Oj 4 .<<..11 * iliS” IojIjJI 

. LljlJLiiil ^jjuu A]a*A jj 




(V. \o)^j JSL&lf (n - \o) r S J JiLUl 

^>- *li jjl jXJj . cUhLl ^ oli^p jp oJ dl 

jy ji JL>-ll! * 4-L^wua ^lyl lLUI -lajjJ t<U^L**»Vl 

(jLi . 4->jL*l>-l llaUj La^ Jj>-I ^Jp t 6jS ^Jp * la P 

L-J jJ c ^JaU&ll JaLdlJl dj-fc 5 j^a>JlI i^jS/1 •. — ) J^rT •— 

. (J jil cJ^^j ^jSll ^ y^~ 

J AO J^ Jjb £'G' ^JUJi5j cAG ^jDl Jl i~JL AB ^ J*BG ^yW) 

.((A. \o) r i J J5^J| 

: Jp (A . So) plj J^JI ^ J-**J 

:^ujSf! y^Ull sjlpIj _ 

sin g/sin = sin a/ sin a' (0) 


.J 1 Ul(\r) r i J JLagi t y (V _ >o) J (n . JX I (TO 



(A - U)fij JSL±J| 


: JiUaJl oJLpIS - 


sin bj sin b' = tan a/ tan a' (*0 

: ( 0 ) <y* <1)1 

: (G J) i jlji! pJUll dJUl J^£ ii}U - 

cos g/cos a = cos b/R (V) 

L$JLp sin a/szn b — sin A/ sin B ( \) ^ o>l*Jl ajlajJJ j _ 

oL*_jI L»l . (T) )i jl>wL.* 1 d)jJL» 

. S a^L-S /1 ‘Cjii ^11 i^\y>- 
SL>-jJL^o 4 ^^JLSj jia_i JjVl 

® ^AzS ^Jz J>jl jJi ^j^AjJb 4JL A j^-4 oLjI 

.((*. \ O JS^I) 

H . .... 

(j} j j-s<aJ {j\ J — a ( yA SJ»*ll r*iLftjJl d)| 

G *' '^ r 

^yA 4 j^CjH j . iJiicjZ oUlla‘. 4 oli f-li jJl 
! ob-A j_j-4 £_jj! jJ-P- la” ll jJajJl 

4 [(r) j ( r )j ( 0 ^wJi] i^i j^jJD) 

A M K T UJ J^l- <D U_^J|] «JikJl 

; [sin b/R = tan a/tan A J £ i 11 

( ^ . \o) J JSLill (V) O *4-^*1 Jil 

LJM_X_U (0 J (r) O'. : l ^JL-j-Jlj 



(*- >0)^ JSLS« 


ijl^ll £_yJl ,>• 4^>S/l *i>JI ^ J^JI SJipli jbdl (<l . \0) (Oj JSOJt 0! (VY) 

: iiMJl j uiij« i il ib^ 

. MD/KB = DY/BH J sin AD/sin /IB = tan DE/tan BG 

in 


o jijj Lf Ju «^LjS/U jlpI jj y a>t:::-JJ £waJl <>Jla <1)1 . sin B/R = cos A/cos a 
cJjlxiil JjLil J5 Jj>- aJI SI ijJUlt y (jjj-Jl ^ oL>-L>» 

c-jLJ-I d)t .«^L^Sfl j^pLj j^p cf~*i Jl51 jl^-jJI J^JLJl# JJ taLi-^l iL$J-p 
i *li jJl (jiSl ^ 2 c-jIiS* ^ i^olil y>- aJWI oMlill y S jJS JjIjIoj j-^ 

(1) jiJjil ^ jp JtS j . AJlill aJLaII ^ J jS/1 J^piJl S^jl jJl Ajj jaj aJL*3 jir^j 

i-jCLDl y j-stfjJl jXlj iAjjljJl clJbuJLJ C— -Jl oli^-iJl cJL*j La-J ic-^j-idl 

j^jjJl c-jtd ^ oJL^JLI L» IJLaj . j-*aJ jJj jj! LajSujI ^jlll SbS/L; JaJii cJail>-l 
p-LJLaJI j^-1 j! Jj>-\ jjb j c \ £ T ^ o) ^iL£Jl jlJL^* ^jlH lIjLjJ <jliUL-l 

c-laJii JjVl ^MjJI oLlaj-11 <■ i^Ll^LJI IJLa y cXJ? Jjj j . j»!>L*Nl ^ ^i^JLiJlj 

j-A j ijjtil y (JjULdl |«JLp j ^ Jrfl jl>“T <jj . 4jojS/I j-olill SJLpli 

TjuT V c (^p*>Lil jJLp jldl (1) jiJl) J-J Jj LA- £\A*pJ 

De triangulis y\z£ jA^a J&A y A-lJl>Ul JJ y jj ^JUl ^li£Jl IJLa jl . JJaJl ^ j^a* 
aj!>L«JI oJ j-p JuaJj . (^ \ 1 VI . \ £T*0 (Regiomontanus) y jjLlI y j*£j aaJI ^JJl 
^m\ c~J- «_j jJJl y 4 jApt ^115 ^ 03 jj yS\ sin B/R = cos A/cos a 

(yy>\ 

(Theoreme de Geber) jjU- 

j_kJi aJii . i 

oJjU ^4 J^pljJ Ailj . obliil J%-L P J Jjdl j[ 

JLii JJaJl U1 . olilill jJLp ^ *T 

S j^i j $ la 7 ^1 . ^li jJl jjI o j-^-»l <_^JlJI ^^J-laJl J *a aj 4 A-XiiJl oLL-J-1 ^ 

f.Hr** (j^“ 4 L ^ lgL^a (j- 4 ci^ c cii c r* ^ r' ^1 

Ji Jkll o! jJ^j . JijJa .bu Nl t Jkll (»^i4 ^ 

Ills' ^3 JJaJl A.dS' ^l.L>«JL^l ^ ^PjJl J-P t aJjjII JJa y* <L>XxcS^\ 

y ijJLli Jp J>\ aJLILaI JL>- jj La-5" t o jdL-4 J-P AJbjiaj JiaJl aJI^ O j-J? JLd3 . <jcJld-l 

j-4 oNljJl dJLfc CAjy JJj . ljL.a.j<.J ji^T SJLpLm^ oVl^ j t oLs^Ij jJl 

. Ajj j^il oLL-dl 

CjL^LLI t ££ y c JJaJl CJL-^ ^jlll y> j^Jl S^l j3 JUP t ^jll JLfcJb 

^ j*>da o j^i . Jj Jl>- ajIiSj aJIjlJI a -L a c_ij jjcJ ( j5Ca-> jlS’ 

j^-3 id! jj^Ul L*_J c ^La « > JjJL>- JllA j^o ^lj . l^ULJaj jdx j ^j3 AJb ^IJL^L^I 

^ jP jU cfJLljJ . 2a J aJLXII ajjIjJI j> j Jp 2a y j ia— J J^Uj l- jl tan a 


nir 


.jAJL ^!AJ1 il^Jl (tr) 



o}UU Ui j ^ c ^Ljl y« J ykS/ L*_J» t ^hoi>ill * (US' ^y <.<p olSlI 

aj*>UJI tjlJjS/l L^JLixi^l jJ t J^LuJ ydl o*>UJl Ut .tan <p = sin ( max d Q ).cos e 
yJl JUJL>wJ ol y SJLp J-iaJ oJl£i tsin d = tan . tan 6 ^ y*JL y^Sfl 

t 5jjljJi pjli (^da— *•) j ZL~+a Odti* AjjIj <— UajI J^UaJl (JjIJO*- olfrMrf JLi j . ^ d 

t v_*51 jidl oLty iJUA) ^ ^Joj aLil oJ-fcj . <uJli)l AjjljJl L *\+j> ^.la*-> LaJUp 
J-U <J| bLoJ JL.ll ^LaJjI u_jL^>- ^.JlLij viJJJLS' j . oV^Lxil Jj1jl>- <—~£ y julp 
• <_y^y jJL>- y«Jol ^ L$jl J^JL j ^yjypliy AJJt j^a ^|jl?Oy*l t aJj^II yi>*Li 
. ^yJl J cliJjjJI ^Ip y <uL>*il oldlo^^U ^UUdl jjJlil LLL* Ibij JLaJj 

Cjlil! jJ J ^Jp ,1 a. Lrj t (JjSll AyyJl y+fiu Jl y t ^ «-JtJl ^lij jl j| 

ty y«P g ytp-LiJl d)L£ ISIj . K JJaJl jiaJ# JJajj 5Jjjl1 ^y-^-LJLj iJL>«il 

aJ^LrJU UL # j h ^.. o-.* ll ^LiJjl d)^i a J LjjLm^ ^yLil ^ . U ^ ^Jp aJLU oLSJ 

L*y JJsJl yoLd J jJu>- £*pj y£*-J I JL^-fc j . d = y/FTJI ^ t gin /l© = i?p/ ^ 

US' . ^JLLa .iJLfcl Uij tiJJSj t lw^. ^ 1 jJLp yJI J| UIp yx^-LiJI ^ >^ 2 ,i . ^Uj jVl y^t2i 
cii jl 4 c j»l jjl <1— J! *>lLo jls" t ^yai^LlJJ ji»-l ol, ^^ ,... 2J «b»- JJ 

<j 1 Jb aJLUII j ^j4"I l-jIiS' ^yjjl yi-1 gij ^ • 1* j ^ ui^ - ci| jt t ^1 Jil 

IS Sf jJu>- (^i*>Lll ^-LJl j jiJl Ajlji t5J jJl) (jli-Jl gij ((J^*>Ul 1 ^LJl j jiJl 
IJL^ l) 1 IJ^J l«^spl ^ T <J jJ? <Jjy ^ya^-lJLj J^UaJL <jf>pSy*j* 

jjli* yyliSCi! J j-^-lj • cjLs^jJlIL y^Ui Lr-j 12. cot o' < — ol 5J1jl!1 

^yaS-LiJl J jb Ul . t^lijjNl y^Lai iiil jil JJflJl jl* li* Jp' JaJti 

t jJLj l L* I Jut j . 4j 4^pl>> ol JL>* J 4 Jj to ^^Jl (J ^iaS’ (JjL&A 

t iww<U-l ^ ^lj . . tan j\ tan oJLill iJljJl JU-^M j 

t^Ujj'L/l * ( j -~aJtJl y^UoJ J jS>- {j* 4-iJ-l ^j-^j ^ <^-iJl 

t I J_a . Lr*-s^1 j JLp L»l aJ 5J^y* ( ya^-LjJ t (^JlJLdl ® JJaJl ^Ja3® aJj^I y 

tOJULiJl jJLp ^ UJl cJLpj ^1 ^Ul o yiJl e^lS' ^Jtl JL>-1 OJLt Oji ya yt j 

AAjjJaJl ol . AP ydl AjLl^Joj <Jj JL>-j JJaJl v aj yu Ay Loj yf yJl ^JJaJ ^LuJl ^ y^oll ^ y^ 

<1)1 * aJ^L^I J_>-1 yp a-wwlOLaj ^1 aJI Jp Jjj t ^ a! 1 1 Jut (w^jL^-1 L ^*^ m 1-f; yJl 
AycsdJl <JImJl 1 y» Aj>tO yp jJajJl yaJo jS AO^l t lolj t^yLy- yabJ 

yauJl lop o ya^AL«3 . ^j^a-jJl (JjloJ- (_5^^ ^jl^^l 0^ ^OL-^S/I 

t AijLtll ya jJj£ \ La lJutj t ajoV (^JLlI JJL s Jl taJbJiJLl aJIjlII JL>-^| j— - dj 

. 5Jb oisa LaLJu Ll^a g-LjSfl y cJ^" Jy 

Neugebaucr, ^ History of Ancient Mathematical t^l j-i^l aJut c_i jj-^> j-laJl (TO 

Astronomy, p. 61. 



jJl *1 ®Jp ^jA Ju^-I •*-' ^ Jl iSjJ ^ *— wd^l JL*>- aUI *A*P {j{ JL^*l j_f < *~-‘i 

^j-ajjl^sxJJ I j-*&L*-a JL-_>- jLS' . 4 _j -L l^Jl (J_jI jJaJl ^ja I jJL^JC jl JLxj ^la^>iU I jaJL ?£ I 

(iUJl JlJ ^ cr^ ^ ^ Jl ^JULII jlLUj 

iJLS^Ij jJL^ail ^ j JLpI CJJuJ JLil . j j yiJ I ^yJl 

(jr^^" L -- , bl^ {j* (J^i jl ^ Cj^J * ^ JS (_^-iJl ^lUJl \X* (Jl jr^-jjil aLijI 

tfjS\ ^\ g^l calls' VI 4ciliiJI ^ l*k jUs J& 

*Llap| 4 eJb*~ j 4 jJ*j <— jllSJl l*Lfc jl . 41 ~j JLxj <jLw- j^-Ij! ^ ^>-jVl Jp ®Jj^“ 

^ j j-$L« 4 ciiLaJl p-Lp ^ . (^ilJLiJl jiLJ! IJla Jl C^_^U-I * ^JaJ 

<^J\z£ < — « ^p (jpjJl 4 j ^pliM <L~S jj 4<Jjl*lJ-J ApI jill ^j- 4 <p 

JSVl W>LJ1 jl5^iS/L 0*>L®b ^p ^s^lj JSCJLj JiJ* 4 >fr* ctUS £»j 4 ^la.-va^ll 

Oc*-saU ( jJL-j>- <_£ jJl (JjJatll 4 Jliil Jp j 5JD jl . ^k. Chtii calls’ ^ 

. jlJjVl (J j J l>- p-IiJ L^jjjt l$Ll*j L® ^®JLIaj ^A>ti^l ^jiJl sin 2 6 = 1 — cos 20/2 
. cJj-L>- 4,k^l jj j^jjlJl jjJ-l ^1 j» rlo^y S j^Lw® 4-djjJU J L^- 1 0 « ® JL A3 

^a3I^j JLwmj ol * 4jHi>»ll ( ^ la .^ n . > »il O^Ljjsj ^3 . A > - 

V ! oVIjJI ^1 Jl>^1 ^I jLf- ^ajjj tijjl J^lll { jj \ jkJl *jjJajj 4 (^jj^Jl 

S ^3 ^jA J.^ 11a > ^p (J ^jil Ujjj . AjJUL^JI j^Uail JP ciiJS 4 oV^Ull Jj1-l>- ^ 

jl JuJ <Up lZj JbxIL^j (^JJI j*-i^Jl J jJL>- J <J jJL>- £ms> j 0 jio o ^^JL® 

. Jtll ilb Jl 

4 jl LJ jjJl <W>lii-l oVljJl Jp ^la^^iil ^ jL>»^JL%®Vl J3l jk jJaJ 

Jp Jaii I Ji Vl j-^ijdl jj^ s.Lj>- ijjLLo Jp Jj^saJ-I J-srl (j- 4 

JjJL> l^-L® i^Syj ^jVI oVIjJI j ^*Juil aJj-J-I ^UwJ tiUij 4 (jvj & \ \ 

^iJ ^j-*^ (^1 JL>*-> Vj . oli oIjLp ^jP i^lj L-wil^-l J«-J“ 

^3 j-ftJ-ll jli I JL^-fe j . <ul djjlaT <uLilJl J-vOjL jj j^Jaj <ijJi jXJj 4 JjjJ-l 

:JB 

sin 8 = [ sin (0 + /i(A))./ 2 (A)]//2 sin Aa = / 3 (A)./ 4 (^)/i^ 

;lk» (A,/3) oL‘lJb.| ^ ( ^\a,6) -AJ\^\ oL*|jb-)/l 


.\Ai . \Arj ^ «4 jJ-Jil : J& 1 (ra) 

p -JL i- Jil ^jUaJl j yiJl ^jL-j aJlp ^ JJl Ack jill 4 ...»ill ^jIiS" ^ jj L^ ( T ^ ) 

a*. JL 1 ,) p_j_SjL.. w ,l I ^JUaJl JjJL>- l yjt E j_Ji L-^« aJLp- J-s/a >«J (^AJl Ck -1 (A) ^jJiJlj ift 4 e^j-Lkil 
J-^Uj ^ J Js>c— il 4 L 4 J 7 jliUl J^iiwaJlj L ys j^,/3>*-> L»t . (a : A© — ► a©) 

Al-BIrunI, Kit ah maqalid ' ilm al-hay'a; La Trigonometric spherique chez les : jJaJl . ot-jdl iijjJaJl 
arabes de Vest a la fin du X* siecle, pp. 55-57. 


na 



Jj oLJI J p-^U ^.^Js.w.11 JjJijJi *1 j >- L L ^>’ j . jJl cLtli a ; .-ilL 

^.JLU d© ^ ^Jl aJoLa-a u>,, >-j 4 JJjSfl j gy j-Jl LJUU ajjIjJLJ v Ok-«jil iajljJl 
4 A© <J j.la,.llj Qt\f ^l^jJl CJ ^ j-*Jl Ja->- aJ^S/ I il>L«.la a-a. 1 1 Lw^J> ca jJ* »L^« 


.* <j\l>waJl A U..xIjj 


sin v = [iin (</> - /i(aoi/)] ^(ckm)]/#, sm d© = / 3 (A© - 90 °).f 4 (<p)/R 


^>ij 4 l£ jl AiLjJa^ ^J^L-ll «JIa c a£j J j 45 JJl AjLLiII < 1 )J 

^b j *1 Ja >- j £j jJl iiJLU Jp (j (_5 JUl JiwJl Jp illw. J5 j^Lp 

AP j^jkI A* {11 oj-ll llA j y*£jj . jl^ll j C^-~J jt ^-> t l l L ( 1)1 jl (j\ jjS 

ciiJLit Jp SJlpUlI oNIjJI oJu J^iaj M cr^ 1*^1 ^1 oVUll 

aJL>- jl Lcr*^ ^L-^L Vj <Shi\ oLLljil ^ oLixll JjIjl^-I ^la a 7 V L*i*> 

jj-p ^-lli (_^ JJl dUi la (Jl C— ijJl ^^3 oVljJl 6 j_A . U->L-h^“ 

jl . ^jjJl J~* jL ~ AA ^ Ji>-tj LjiS/ dlbj c ol. tiu .L l aL-^JI o'VIjJI ^Ijl>*i^I 

kjjj^aj» ^JJaJl AJb ^Jp Jj-Jalj c /4 4 AjuI jJl aIIjJIj .O^IjJI a J~fc oLL j-aj .La *.» 


(TV) 




JLaJj . aj jJLsj t A*i^ 4^ JJl J jAs* *— a jaJI (jjAljil JLi) 

C ^JjijjJl JjJL>- AjIiS^ Ala t AjLLJai) j JjJlA-I ULfJ J-«L^ JJ-axlj j-MSJ jj! ^li 

( j^<» ^jJo? j ( 1 ) jliLl Aj (.15 l>- jJ- j-sAi jj! ^ ApL-*a oVb c j-^’ {j* AP_^<^ 

o^fb ^J-P A-lygj yjj Jl 45jj-^Jl <—»L~*A-l J jjflj . (Sj—i J- ^- U 

aJ jb«il j^jjiJl JjJL>- ^LS' Jla-j V Lwjj . a^Jjd# 'yiiJit <lo*-Jl ULa jjC-l j . oJLpL^a 
4^1) ^jxj^jdl (—-J^-15 cJ JJ^> Jjiila aJjJLpJlI oNljJl oJLa . jL>dl Ijla ^ cij^l 

Jkll Alb ol J^u Ulaj . r Uill ^kis UjJLj ^ 4^ JJl (vrr-U 


I < J-sA 9 »j IJL^Aj . ^jS/I CjV! jJl o JLa ^ J^l j-jLj SJLp ^yj> y JL>- (TV) 

/ 4 (i) = sin a;. sin e/ sin (90° — x) = i£.sin ^(a;)/sin (90° — a;) 

: ytJl oLJLLa^ll LL-^1 IS[j . b .iJLl ^jljJl J-ll <iw LiLU bl 
x — 90° — a;, 6 : A© — > 6q, a : A© — ^ ► a Q 

' JjJLJ-I ULa y ^_y CL*4JL>w-l ^..^a.ll jl jJLj 
f 2 : x—> sin [^(a: + 90°)] j fi : x -* 5(a _1 (a:)) 

J 

f\ : x — ► R.sin 6(x)/sin x j fa : a; — > i£.sin x/ / 2 (^) 

, 0 V . ol ^ jJUdil : jiajl 

(J| (JI^P (jjt JjL-j i<JI jP ^jI I jJa-tl . j-sAj APj^jP l)LaJI jlJp ^-1 (TA) 

Rida A. K. Irani, «The Jadwal at-Taqmm of Habash al-Hasib,» (Unpublished M. A. j t 
Dissertation, American University of Beirut, 1956). 



^ oSCJtl IrlLJ^u Jp SJlpLil c/tfljJl ^ I+IIpoJ JUp 1^5* 

C5* Jk f yj-** <y* ^ OllUll J yL>- ^ u ^ jl A±A j*a 

<L)Iai**I . SJjLaJl jyS 4jL 4 oLjIjl>-^J j~J*j 4***Il«j j- -/»» J_sA3 ^ ^~jj 

oi^ll (t&n j La b 1 ) jA j *+**) ® *— 4ijA*J (jwL*> j^Vl Jjl 

tan (j> = R.sin <j>jsin <j> Q\ ll 4 la .^Ij— < $ jl—£ll fLi JJ* j <j> 

i 4-pL>* iJU- Jl bLi— I cJbydl ^ iiL^kll ftjufc JiLiJj .tan <f> — R.sin <j>/sin <j> j 

ijAyjfJL* Q0J* ^ £yl ciUl ^j-L^Sfl JP U“J^ 
olili* JSL«ll oJUb (^JL^-lj . JjL~« SJLp JJ- jJaj JjJlA*l jV P 4jb Jl>«j JbJl 

^ 3 jl yil (R.tan aJIjlJI) * JbJl iSy^zJ * Al l jJL»ijj 4>r b.«.« 

0° 30' jy oU-jjdl «JL*l U yylL. juIjsJ ^Jl ^1 yVl JtAlL ^1 y Jp JLy- 

.89° Jl 


<—>tlS’ L^i ^l!l o jiAJl J^>- 43 jjtil 3|JP ^ *JJaJl* p J j d* ^1 

4 (|» ^ * * *\ o) 4 (jyLljil ^ySLJO 4 JL5UJL 4 fi jJliJl cLLIj CU3 ^P dij . jlJUII 

^1 iJUJl **>T J! Ij*~i (I ^ 



o* - \0fij 


J.1 1 .Lit ^ilp 31 p JlSJ . L$J Jjl *L>- 

^ ^U-l ^ J Ufj*W 
^IjLp^jl^I (Jl 4 U15L. j £. Jl t-->L«J-l 

(/i© —> g.cot h Q SJIjJI) ^^JLil Jt Jj-^r 
L«t . 4 L»tJ (JJ»3l 

J^Uiil 0 JLpLi) 4-s^ J p JLLP 4 

^ ^JLll , > .,<0 d 2 b« 4 jJUll L-jLlS^ ^3 

f J^d ■ 4^»JJ c_4j yu ^ia^j V 4^]j 

J-jaIII 4yu 4 frUjJl jj! ‘W? jp L» V -L*^a ciUJj 

J^Lb (jv-pj-I (yj-iJl •J-t* ard 
Lij ( ^V^JLll ^Ul 

4 Ls^jI i£yj . (( ^ ^ °)j ( \ * - ^) 

lilp <* J (^JJL>»^-I 4 I ^ d > 6 j^LdJl 

(^1 4JLP j^J* (jUiti^j L(Jj JLs^ jA ^ iiLLUl 


JLjljjJl j-jp tt(J^LbJU <J jJl>* ol 4«>*^tj (J^JaJLJ ^Li jJi 


(^^ _ J^JI^ *»U ^|Sf C7--S2U 4(\» . \o) r i J JSLlil^OjU (Y^) 

EZ S ZT iijJUilB JbJlj ^ ^LUJ KL JikJl c^buil ^^1 ^ c Up ^y ^ JJl 

.JBO «3jjuil» 4lbJj AH ^yi3 A5 JbJl JU*3j J yJLU! 



s 



^ U Ur -^1 gjU JljJjjJI iJjhj . LjSli j jJil 
iJljh fiJJaJl* ^c.1 la »/a a jj . J^Lk 

^Lo j Jjjjll 4-pLL-*P ^j-P 
(jjj-j-Jl L-^Lli* a J ^ la 2 L* |JL*J . ^jLaILi 
^j-JLp Jby j (_^JU1 ^ \j^UlJl 

c-ili^- Jj^JU . jlJUII t.jliS’ jij£ 

4 L^Lk>»Lj_5j J^LlaJl ^jS> oL>l >/i 2^1 
C~S1 ^ Jb JL>*l]j JljjJl Ja^- jJ 
d)l JyJ 4pJl . . . 4 oliLJLl jjJuizij 5*>UaJl 
oLL~J-l ^ l^Jb' Jl j~L) 

V JlAJai) *li jjl ^1 ^ jp jl ^-p . <L£JLill 
. iaii JJaJl <Jb Vl 


Vj JLl ^lijJl S ^^JLI ^ JjSfl aJUII ^ J-^iJl gJUi 

4_Jp 1 ^ L^al Jb>tJ^} Sjjj^a! tiibj 4«J^Uail#J <j * ^LJl JuaaJI la! . jlJjSflj 

Lyajl 4« ^ .») 4 L^JUJb ^JA> j-dJl ® JJa# P-li jJl j_>! C_5^XJ . e-jL^Jl (^1 j <*_****>■ J$L-i.l 

^yail ^J. la JU LLLL^j <JLmj viUij JJaJl* jl ®JjSll JJaJl® 

4 ( \ * - \0)^3j JSLiJ! J U 3 J 4 BE JJa (1)1 (^1) lo- jA a jjb j-P^La 

<b jJLall JJaJb jl JJaJl# cJ^jcJ A ~Jb J£JLII frlijJl jjl ^JL>w-uj ( tCLTlBZ = BH 
Jt j JJsJl (j** iltj— Jl oli^UJl c~lJj ( cotBZ = AE JJp d)t (^1) ^ jJaJU 

jJai# JL>-1 a]o^a\ jj CjIS^LxJI ajLfc ^Ja * t j_A j . ^L*_l11 (w^jLl ^jj 4 

. oUlk^ll ^UJI j gJaUJl L^j (^Tj cJJaJI 

LJ 4 ^l-.i-Ll aJL>-j^ a j^ljJ! LlJLi^l La bl 4 (^jL*j (1)1 jjI J 

p-li jJl ^1 ^--s^l -LaJj . JJkJU JL>- ctUJL^j 4 ^LoJlII 4_^>- (w^-J^l 

^ (J^^J 4 { jXj^Jkl ^.ll > Oj j j£SS aJLp UjLiCLa Loj- j^a 

^La jj ^j^a ^JJaJl (Viete) oLi J 2 t)I . RjJaJU J J^-laJl oJlpU 

^ j-£S jjj-j* jl — S’ j . a_J|jlJ1 a j ft Jy^^l t 5 *i— 11 (\oAr) (Thomas Fincke) iiJL-J 

«umbra ^JLLwa ^ 4 ^ j!>Li cjIiS' AuyJl jp ^ (Maurolycos) 

j-p j ( ^ 0 0 A) De sphaera sermo ajLlS' ^ jXdl JJaJl (^l) versa» 

. v >ji ^ jwi yb U ^ls* JwJi v 1^53 . j^i ijb j. 


Abu al-Rayhan Muhammad Ibn Ahmad al-BIrunl, Ifrad. al-maqalfi'amr al-zilal: : ^JiJl (Y * ) 

The Exhaustive Treatise on Shadows, translation and comment by Edward Stewart Kennedy, 
2 vols. (Aleppo: University of Aleppo, Institute for the History of Arabic Science, 1976). 



0 


oliiiil pip . 

J Jj-5 . oliliil p-Lp £C_Jjlj l A L> » *. A j-«iL*Jl (!) j-fljl <L>LfA cJL5Li 

jlJjVlj J j-v<ai <Jp 4^JUJ1 oUJjIl ^ LJtSCo c-»liliii 

cJL^ j . oltLii pL^jLA^/1 j^J^j * j (J^LlaJlj 

^jjJ S^U l^jcd JiLiJ o J->-fj 4 ^j^Lla ji oJLJLiill j ^jJI (J^" 1-* ^ ji olilill 

oJLft cJiil jJ . ^ jJaJl JjJlII J^ajj ^Lj kalis' j JJLC oliJjll AjJL>- 

pJUJI (jj^SCJl 4liit ^ S^Sfl oli’^lx-ILS* 4 oL--j51I ^J-p Jj .^a4-L 
pJ-P <j| . oJLjJb*- Jj! jJ< 3 j ^IjjV 1 k—^L~j>- ^jiu ,1 l^5Gj C^l Jjil! _,! L,yi 

lSjjS L^jljut c..ti>- i-iij jj- lj~*j <_$, Jillj ^ JjljJl olihll 

. AjjIjJI pSUJl kLdjLkll lilfcjlj LI^a J-*J 4 


aJLp- J>\ aJLa iu£JLL!l ^ j. vail I JUaJ ^ yj£- Ajj jXll oillill Jj>- <JL~a otjb 

< J-3 <U^J jX *Ua>-l 4-3 v^jJosIj j^/a > ^Sf jjjaj j . kiJiiil ^lll 

LI olilill fli ii jjliLl jl ^jjaill !-Lfc ja jJLjj . ^IasaII gj ajIiS* djli-l y*^r j*\ 



0Y- So) J£*J| 


iJLU LfJ U-j c oVLtl 4 _J^t ^ cJLS 

. (r °sUa^ a^ji ^uVi i*j Ojss ^1 

^^x-^Ja 4 JL-II ftJ-A ^j-L J-wp) JJjJj 

JL AJ . oJU-ii-l oliJfc j-Al liLli-Sl ^J-P 
j! j-*yj -XiUll c-jIiS” (Jj ^Jl IfJjliJ 
[^L^SlI j j_p] JiLlJli 

• lSJj* f l r 5jl 

U-J kJlw>l 0 jJLp J1 oLii.*ll VjI iwaivaj 
< 2 Ixlll ^yaJLjajLl ^jLxj kJUJuj 4 ULljjJ 
.✓? >nJ oLiv»Ml yy ^LijaS/lj 

<_)j!j I4J oLlL l » i-L^JLx ^J-p 

oliJLdl oLijjljj 


1 J-.-JL.4 4 W^^ixil JiUl» ^1 la ,^a.4 L^JLp jJLLaj ^yill ^-saJ! 4-LujIjj LljjJl 4 -^jLaJI 
j£Jj . (( \ t*. \ 0) fJj J^-lJl) (n> >S/ 0^ ^ « Jk!l J^J1» 


Aj ibjJJall LljjJl jj^LL* Jp Jvax«jj Ok j-x ^IJL>*ivlj iil*JLl aJLa J>- (Y* ^ ) 

jl 5 j . L 4 ; ** J 4 1 oi $ «. > JjaII j! i L_^p jAjf >-j jp la| Ju JL>dj ^L... » J>I 

<jIz 5" ^.iallj 4jLaJ J* JL^-I ^ 1 ivli-ll ^jjJl iJjk jjjJLfljjJs kli jJl jj! 

. li.fcU ^1 . !.»■,:, .m! lolilil! p-U oU lj-il lix ^^aL 

jljji ,>wlJ (NT . \«) (Jj J5LUI ^ iijiyi ^Jl iJUi ji-J (rr) 



^Jp flU j) . Ijl^l ^ A la »> 0*1 jj AjjljJl ^^jIS (_/uJUL« (JI AljJijdu 4 d« It o 11 aJL>- 

<31 . S^l lljjJ! IfJ >**; Jji ^iJULj e^ijl £>u Sfl I 4 J Ja-: ^1 aJLU U-U. ^Sll 

I*-Lp <Jp dLLJalJL ^ Lj J J J 4 jj^xsl j^Jl * \ sAIj Ljili A>xj (jj ^Ji A— lj^ 

j_p jlJLaII ±-j\sS ^jS* IjJl^-Ij . a-jLj iL-l jjJl e Jut I jJjLj o j-*JI *L*JL*JI <1)1 ^p • dJLLaJl 

dJUt 4 LgJ obltll l ^ ^ 4 Ajjt i^«JlI oJ_a L^- d J JLJLwxl ^Jl aj*a 

>^ljt O ^jlll AJL>«-Jl A-^L»jJ| oLLl>l JbJLuJi 4 — > y ^ aJL>-IjJI jJl ^jA 

. £)USM ^Lj dury J >3iJl dLJ-l 

C*— «Jl dU^LxJl d j— ^ , Ja 
^iJjl ^ > a, jljJl ^Ull 4lJbJU 
j-1p ^LM j j-aJI >-1jt > 

^^jJl I jut ^UlI ^ . ^^UlI 

4 jJail jJl j *. sAJ cuLlS" AdP 

. ^ ^AjLjd>fcAj LLLu p-^ju ai^Jj 
ft jJLp <—>L^Jl IJ-A O-JJ 

^la-wj Vj 4 L «L>- (JI aL)I ^1« aJuv’ 

( ^ ^ *-$->- <> ijj-J j - J-j-JaJ > Lfj 

^ ^>S/I IJLA Jj j . j y3* ^S/ b j ~d j ^IdLA^J 3b>- 4 (_£>-l 

ALAjy y^Jsi) 4 (Jj j-Jl < Llg Jp p-Uj JjLJlI ^Jbo JjSlI dli^Jl . aJL- ji! J 

4 a,j >3i auu > ot>i ,>- Ajjt >i,l 0JI4J AjLjj . ^ ^dil a]L>- ( > 

4 6 ^^il Jp ^llg n ll >jjJl ^1 jil aIS^II ollliil > jt dw*Jp L « JdP ! all*-- L# JjJL 

*- - - Jl ^.L y^ l. 1 aLUII AjjI jJI AwmJ ^^^LxxJ U.*» ^|p U«^“ 

j >0 ji ^jipl 4 dbJbU >3 iLaLi djpUJl a Jut dJlS’ lil cJL- j 4 jliJi ^IspII aLUII ajjIjJI 

^>1 AJJt jJbl (JdJJ jt-J . . . <l)j^> <-u! (1)^3 4 A- Ja jb>~ y° A-lSC-JLa 

- ^ °) >j (ro) dLpLiJ yyi jl >■*)! ^ j Ako*l ^ p/6 = sin G/sin B Ai^aJl J^Ld 


A 



dUS J^U vd.J^L -1 Ji j .ABG diill JJ- J^UiJI SJLpli j] oujSfl y„iUll SJL^U Ifclp JJ* >1 dliiiil = 

. diUJ ^ dLS> JidJ! Ilj A^-ld JISLii 

N. G. Hairctdinova: «Trigonometriceskii Isfahanskogo Anonima,» Istoriko - : j la ;l (rr) 
Matematitcheskie Issledovaniya, vol. 17 (1966), pp. 449-464, et «Sobranie Pravil Nauki 
Astronomii,» Fisikomatematiceskie Nauki b Stranah Vostoka (Moscou) (1969), pp. 147-190. 

• 4^1 y. jr& kJ^ J^L-*j 4 j-a» a pj^P L^jI JiJ (rt) 

^jLU ( \r _ \ 0 ) ^ J 511 JI >i iAE/AB = sin B/sin B : a^Ul (ro) 

: Jp J-ua>J Iji-j AG/AE = sin E/sin G jt LaJ Jb-'y i AB = R = sin E L»n u>j Ujup sin B 

AG/AB = sin B/sin G. 



^ i J 5^1 jjl aJL>JI ^ c^-sil c^JJl jlill ^l^Jl Li! .(Or 

<ui JL>«J LjV <u**t jS IJLa j . OjLLl *Ua>-! j-s<aj jj! 4 J ^JJl ol JJL 

. ( J*jA\ dJUJ {\J*C^\ J j! 

Ujj ( 5 ^ < 1)15 (_$l (^.JLli J>- ^ 4 J-^S/I Jj! ^ 4 o: la. 5 .ll ciJLdl Ja_>- jJ 

! J-J. cJjj-*-* ^ 1 JL>«JL*j 1 Jj! d)t£j . 0 Y* 1 *) ^pLj (— >tl 5 ^ «iJU jj c alia *.A 

j! J as>~yc j! . ( S&W) (Viete) oLi ^ Ljjj! <y jjb tiJJl aJLJ! 


Ai*jlj3 l< 3 A-s^L^j 4 ^ j-^ail I J_A (j + « L-lJ A^m^LJlI jjLll <Lj jJ Jj j Ifl ll ^jjjJl 

J-P £!>LUNl JLuj 4fl^^iJl aJla C.^.^ JiJ j J^vi-JLill ^ ^^Ls^Sfl ^j^alUaiL 

IJ-a Jl 4 j JLs> ^jLLI Uj-aJl j-^IjI i— * j5 ^JJI 4l_aJj1I <Jj-$->JlI 4^ajJl 

jj! j-A 4 jiaJl ^jjjJl j jp ^yJl aJL jJaJl J)! <ji/l lJ ^*j . u. dJjll 


-r* 


£L*J! ( 1 ) ^JaJl (J| JjJ^- •* j-*J (J^^ Laj 



(M - \*) pij J5LtJl 
jl . 4ULLL aIUiII a-^LM 


. ^ ^ j jUxJJ apL-/> jjj* 


j j-Js-j c£-LJl j—Ma- 


Jl ci! ^*>LJJ 

J-iaJ . JJLmAI qj* £jjJl I J^a a^j ^t-^jjj 

Aj!j c-5 j-P'J ^--^1 j-<k-j jjlil 

CJ-* J-*-*^ v-^ 

4 ^Lr 3 4 Jp jjjci AjL**>- (1)1 . (jL^-^/l 

4 JLj>- J5LJL> aJUi ^J>j ^ J a ll aJ 
<lJd\ LljjJ aJjLu* ji! 4_^5 ^ij (Jilij 

4 aJL 51 j j^aj jj! ^Utf! . J-s^Sli 

J— 5 LjlJ 0 4 ^-Utll r ^\\ ii 


4 _p!) 1 _^! ( 1 )! ( ^A J _|j ((\t - \0) f-ij 

Ljljjj 4 L-J Jj 4 aJ^ 5 L» aLjIj jj 

Jjjj; 1 Jl5Laj .A5G J-^ll ^ULiil 
^ jJL*_>- ^iJlJLj LjI jj jujl^ Jl aJ! — LI 
a]o**/I j^ a1>- Jj j •/* « jj! d)l5 L« I jlAj 4 ^^Ls^S/I 


ii _^5ll a jJjJI cjlis^S/l A-i ^ jj t <jJL 11 i-jlji £*0jj (_$JJl ^jJU-jlII li Jj-lL) UJL>-t lil (t“\) 

v a\ ..rtll) i, . J jiil jj-ji^j LaJL>- 1 frl‘-*.~ iLljjJJ I5ij ij j5il ^ I5ij 

. . . (90° {jj* jJw> I aj*^j : ^L>bU Liij JjVl <-JjuaJI ^ oL>- LLj iLljjJJ liij JjS/l 

jlJlj JjVl ^j^Jl oLL-^t <iS/ (1 jJslllj JjjJL-| |Jjb J-*Jf A-jJ» ji ^j JL)! j-.-ya.i o ji Jil . (^Jl 
IJLa t*jLli£l of ^^aJI u)rr*i *JjVl ^j-Jl *— sLl>^! |».2l <1^511 p-Jill ojli (jllil ^j-Jl tJL-^Sl ^Jiljll 
. Ujjll tfj JajJ ^Jl ilULl ^ ^j]\ JSLJI ^4 AUil C^jf jj U5 p oLT >LJl 

Marie - Therese Debamot, «Introduction du triangle polaire par Abu Nasr b. : ^ la Jl (TV) 
‘Iraq,» Journal for the History of Arabic Science, vol. 2, no. 1 (May 1978), pp. 126-136. 
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^ (S J->"^l OljjLiJl £-4 4JJM.+/3 J 4 Jbj-flJl J^-lJl li_A j-sAJ j-}i 4JU-s^> (^JUl 

y>*JzJ Li j+jC>j V AJLA ^Jl a«A-A 4 c^> r^>JU oJLp- Jl ALAjJI yA La J U . «%<» <•+> I i 

^jpxj . ^^Jaill ji*-l oUIjJx^-L I j-*li Jj Oja J l <j\jaJjil jl jJL-> . A-uLjJ! 

c^Uad! i jA li*>Uajl <L)Ul ^jij Jp (^Jc? IJLaxJ ji^l ^>-T <—-£ y 5y*-y JaJh ^-5 

LjL.^ 1 ^>-jS/l Jp jj ^ oliliil ^Jp * ^LiS' <5jjJaJl eJub c-ojj . (J-s^Sfl 4^JUdl 

j_p c^LiSCJl IJla SLlx jjI jJJ j . ^^Lll ^JLp ^LU j J5JI <Uju ^ 

Jbu tiUx ^ J 1 iw^ Ll-^J I l~l_A Jj 3 JA) 4_S 'y+A . 4 JI ■ Kill OkXft J^* ( g^ l ^ » A 1 ^^*Jl Aj JA » / Ii l l 

. jJaJl ^jjJlJl j u^llS* oLijlS^ c)l 

4 jj^-iil 4p|^a X +0 jA ^j^jtyA 4 (^ T V £ - \\*\) ^a jJaJl JT^ 

J j_JtJl J-p j^/I jiL*Jl ^LiiJl ( yA Lij-ij a--^L-*JI iijAjL-l jL-J j-*ap 

V>JLaJ! aJL^-pI d)l . aaaJIj 4-L-JLaJI van > Jjlil LliS* j^i-x < j-* ^-aJ! aJLJj . 

A-^pLjJ| oUjJUll cju A>*-L5" j $ La > 4 A^AjL^ (JL^pV oUp-I jil ^j.4 JbJLxJl yx^aJL) ^iJl 
IJla 4 0^/114 yA d)^5vU ^ ^pIjj <uJ^4 . <L£1 aJIj 

aJLjJI c 5 >Vl vj^JI ^ JbJLxJl j ^lZ.*ll j Js^l j 6yJi\ JxJLj ^1)1 4 ^ JJI 
(^i ^ j’^-La AlA J->»J Jl c- >L-jS/l AajI jJIj A-JliJlj JjS/ 1 oN L aII ^JLaj . Lsiui A-jjxJl j 
coVl^l q j» JbJixJl J| JUJil L# IJlaj 4<jjj^Jl j a»xLu*AI ^jcJL^-l 
^L^JJ Lx^iil LUOJI UliJl ilUil J jLSj . ^IjJLil ^ Ju.isai 

AlA ^4 UmA N| j A-^vaJl ^j-a Jaxj N J 4 Ox La. -A I tuliiill J>- Jl jL/rl>-lj jy^J 

Ju_*j , v b5ai ^ jllbll (. 5JI Jp « 5 .U-l SJUll JiLlj-j . <r, ' > v _ > -i-l 

J_*j L L^j 3 ^~Jl ■ "jI a/ /iT A— jIjJ] aJLaII ojjb ~jA MjjVI (J 

L>-j^j-4 L*_t j jj 4 ^Uslp Jlj^ ^-ULaJ ^ja il^Jtil cjU-Ltil j-s^Iip aJjLL® 

ollltil yA V—Al^tf JS^ ^a 4 LaLjIjJJ L^P^*^I Aicjaj Ia«J 6 jJLp Jl jai 

A l^lP aJLJI olxialidl A-»xl J 

4 AjjljJl ^jLaJI dJLdl oli*>Ull d)L^j^il 4^Ulj ^^alii-l (1 )!>LsaaII ^jlaj 
. ttJiaJl W^lxil 4 ^jCLj-^L^Sfl j ul A jjl ^j-4 LS^Jaul ^j^JL^LJLZa ‘'Ij^ 


Nasir al-DIn Muhammed Ibn Muhammed al-TusI, Traite du quadrilatere, edite : j .)* )l (V A) 
et traduit par Alexandre Pacha Caratheodory (Constantinople: Manuscrit tire de la bibliotheque 
de S. A. Edhem Pacha, 1891). 

JXjlII Ljl^l ^UJI tM\ J £U>y I I4J J«u < 1 U-I ^ 4 JjVl iujljl (r^) 

oJLpUJU - - la * > jJLSSj t ijjljJl oJ_J ^1 ..<i II Jp <]a2.~~.A y*j Ajjlj-ll * 1 >s* JL>-I yt 

4// 44J j-spSM : jJoj) . 4 ->i la .^ll iJU-l ^9 ^UjJI u yyr ala ^Ijl>ll^I <ajj}a Jl oJLa . ko^L*JI 

^ 


no\ 



4 . /a ll ^j^ftl ^*-11 c 1 4J*ft jll <L)bj • jL*/ajjJl ^15 ^3 ^Jaj^-I c«-*j l^Jl 

j». a > « . : .... a j * olaj^Ul ^ ^pj cols' Li cJjdl J^JLiJ ^5 lull y»i\ ^4jcJl cl^pi jjV 

oiibii jj. t f ui ifiSwj iui o_ji i^LSi i ou%ji c^ui j^iii j c^-isai 

&I*J . ^Ul Jb^Jtli ^J. .,<a i j\ ( J^J» UL| J^ajJl h> ■*■!»...* JL) JL>- ( j^a 4jj/l I&jLdJl 

:^(G Jaj jl^II J^UJI dlU-ll) ^jJI ^ l^t /I ^Jl 


: (/) S5UI (^ULl JmcuJI) - 
sin g sin a 
R sin A 

: (///) 455UJI <$t 4^jlr^Vl clJdl Jp ^ 

cos a _ R 
cos g cos b 

: (V) *W Ull j 

cos ^4 _ sin jB 
cos a i? 

(Oj (r) U» 6bLjb 0 ^1 


: (//) «%JI (^aUI J-^ill) - 
sin o tan b 

R tan B 

: l> jlujV l*J_, c (/) i 5 !*JI Ji- fg »»:II J ui; V /l 




cos g cot A / . cos >1 

“ : ( w ) J 


i? tan B 


R 


cot g 
cot b 


m- 

.dh (r) 


^Ul cJLS' Lj o It 1-til c ^jL-JI ce->lz^Jl 

£>USfl ^ ol ./III jiUl ciiill Jlj LJjjJl JuStill ol±ll 

dJUi ^^3 L JlJIaJ ./?! JLi jlS’ Ip j-sp j-« JjLlij 4 JI ^t-^i /I (y* j 4 ^1 j ja 

U-£^Jj la~gJ C^jJl j/ iwjllSl) <jyLL- ^JLP ^Jp j>OJ . j*A*}\ 

1 ^ c /III JjLJI c Il/I J 1 — j-A jl>-I . al* bljipl 

jL«-« a I/JI ^jm \ jjl oV ^l^ b*l • (J J j-»-JLl JL)l2ll ^j-' 0 ‘ — ^ / ^j^aJ 

. ^LJI lift / ^jJLj 

c.jLiS' S j j ajuj^a ills’ c£^L^>S/I ^pUj calls' J Jul>l 3 Ijlp)/I JjUJ 


M. V. Villuendas, La Trigonometria europea en el siglo XI: Estudio de la obra de : /aJl (l * ) 
76/i Mu'adh: El Kitabmayhulat (Barcelona: [n. pb.], 1979). 



>jj « mj \j**£ ^jjLill La Iju j c ^Ia^ 

<jt j j-y ** AJa a > Jl jl A-_^L%J Ala-Aj J| a_>-I^M JLLp j-^Lj v— J>l^Jl Vj 4 ( ^jIjj 

Aa-JLL-I j-JL» 4 i^-Aj jiaJl j* k^a ll i^llSOl 1 JL^J 4 ^Oo-L^-I cjLJLlS"^ ! l)| A C. la 3 .* 
^_Lp JLaIjI aJLl*wA ^j/3 ^ La* 3 dJUij 4 l^A JLAj ^iJl Aj j_?-Sf 1 ^JLP La^JlP J^j8j 

. La*Ip J Jj aJLJJ ftJLftj 4 a-> jjJl J| oliliil 

^a a Jl (^ \ * V ^ jLmj _ *\A^) (^LJL-I iL<c* jl <>*£ aUI jl p lS J>[2]\ 

t jl5 4i~>- N * \ Y ) S yblill 4 jL*£ ^ j»lil Ji j . ^ j ^jUJl JU-j 

^j3 Cj^Iaj Ali-*->- ^1 SJLjJ-I (JL^pS/1 jAa J JjJj . |» «■> ^ ll jj jV l-UJ-» t^>-jSfl J-P 
V Ll£J j 4 aljJ^UI aJJLII ^lS' Sjlp a) c— ^ jl . aL>- ^ ^Jl J-va-jl 4 LJL*a| 
J -4 ^LSCll jlS’ . Li jJtJl OLLljll <^P \ j~£ (jjJl JbyftUail 4-^ Ilf jjlzi \ j5S JL>0 

^LM j jiJl LlJb ^ M jIjlja 4 L£JIa]| ^ sjljJU oLlaiLI aLU-I 4 ^ ll 

fjJhJL Lj 'jpy A3 J*j» (J| 4£t>-jS/l Jp 4 I JUJLmlA Ajllf iLic* l — J- aJ . (_£^^LJl! j -JLp 

4 ^fSfl ajLlS* Jp Aj^LaIj ^3 1JLoJ1x-4j 4 Ja^»jS/l (J j-JtJl *L«-Lp AjSJL?- (jjjJl 

pjLSJ! lJjlJJ c !l oli>Ul v c~it jJj . ^ 1 >I ^ ( 5 U! Jl^ ^J l v L5^I 

lLJjII ^Jp (/) aS^AjJI ^JL>ll-»I j La j->> ^ UlAlajl 4 LjljJl 

4 — j>- j ^iJl aJ^->JJ jJjJ Uij {j* ^jlp ollliil Jl?- .olf L»l 

j . aU? jt A^JS- (J| bLlujl aJLp (5*^1 ^ jJsJl Ax-wJa LL-iJ j 4 IaJLjJL^ 

^ 4SLu. ^1 f JL^i {j .^^ii\ LljjJl Lf-J llJxp! LU-I ^ cULill 

Lik* JXJL 4 JJaJi ciyu Ait jJLjj . «JJaJl» Uif 4 JjLlI illjJ A^ j ^ill JjjJL| 
Vju tan aIIjlII aJ! «j»UJl c-^- J| a^J-I L^J)) i' 4 t^k&\ oLlIj L^p *>Ui 
. <Jj U-i Av? yJ c-jL*?- ^ Aj j*li U IJlaj . ( R.tan aJIjlJI 

aJU- ^ olildl L>- J^LfJl V UJ1 ^ oliJjil a jUb JiG ^ j^l\ L-JI j| 

4 1 a ^.<««-> 4 1 ^ p ^^i. ^ ^JajpI ta| Jj “L^ - to^n -'L Ls . (_$ jiJil ^&i!a<l*< J I 

^Ja...>iU ^ oi ji»-L» l^|Jb-| 4 aJLlJwI oJLA Jl^- (^jIAJjJ? jJl j«>^> { jJ>jAJ . LlmJ £4 

ALA U^-L» J-f ^ji 4 Jl Aj j ^La (5 c 

. JliJl Jl^ L l J I 4 (_/4^<^aJI ^ Jap 1 1^| 4 aILmII 1a I > 

x — y— a j sin x/sin y = a/6 

. 180 °j 0 ° {j+j yj x 0 ^ d)Lx jJLII Oj^jj 4O 0 <C o; < 180 °j a > 6 

a^>- U ^0 ^ j~*u 4 6^1^ V aajjJ? ^Jaaj 4 Ijl>-!j aJLl** 1I flJL^J <jl L^jl-a llJLi 01 JLu^j 

JJaJl Ji»-JLs OL — 90° 4l~>- A-^ali-l illi-1 ciUi Jlju ^jJuj . fl / 6 

. aI^IaII 4 J^CpmmJI ^4 4 1 

tan[(x + 2/)/2] = [(a + 6)/(a — 6)]ian(a;/2) 

nor 



o jJdLI 4 SI ^1 ol . l.Oi^; 3 y^j j-^T" yj % d 13 *-* 

AJj jJaJ ^IJLpVI i oLlalJl aJLft ^ J » ^yJi oLlalll ^L>-S 4 L$jJl 

I Ax^aJl Vj . JSwJl A I a“^A a2j j]aj ( jJ> j&j 4 1 — 

{sin x + sin y)/{sin x — sin y) 

^jLs AjjIjJI ^jjtX.^9 jJUail JJaJl JJL*j 4 4jLJLj <Ja«^l j_» Ju 

,>*1P otikll Js^J ,>• J>Jl lij» • (( \ 0 - \ 0 ) J£ill) fi ' ) 5 i _,1jJl 

c5j^r 4 l ^ 9 j-saJI ^-S l lX- ^ aJl>«j ( y>^j . JJaJll J <*-~>*-U 


H 


k a + b 

k— a — b ■* z 

T z 


E 



jA J 4 C^L~i-l ZAA i^jbS jLs- ^j^ali-1 j jJtll ^ ^*iLSli I t. iji JLjoJ . iO L i L. ..I I jjJLoj 

liw> j t «L>«ta ...II oliiiil Ji- k ' j^>JD t \jS^0 *)I jJl>- j i_jL_J-I o L 2il ^u>t_La 

: SJUl JJwaJlS’ oU-l_i! < _ r uL r SJ SJLi* 
r = b.g.sin .A/[60.(a + &+</)] 

. (v4BG) liJdl it j*Jl 5 jJIjJI >5 JxC y I 


LG = VJ LA = i ^Jl L ikiJI ;(0<> . ^ a) JSLiJl) ^\ jjjft (*\) 

Oyy UJLi4 lip . XLD ^ i GK/GA = TZ/TH = b/(a - b) jjU ^Jl K i AG = a 
. BR/RD = KO/OD jj. £ -.::..; o^JLUl ip ‘ KO/OG = (a + b)/(a - b) UsUll jLif^l 

.m . j . u ^ 4<_i: : ja\ 



i <U5XJ| L- \i l Lt 1*1 1 ||Jlp * ^ ,(S J> 

V L5 ^ JjSlI iJUll J- v a-l l l JXIjj . Jj! J-*- ^ J-Jaj 

.^aj Jj^l AlwJl ^UUll Ala . dJLlS Jp !JLj>- ^\la 4 *U^Jl 

4 — *-*^-1 4jjjJl 4 ^JajflJl ! 4 P jJoaII J? jJaiM Jjl ^ *lijJl y\ . ^saJIj c_AjjI*i)I 

Lufc aJ * I.ll 4 $ >» lift j\ I 4*^-j-^“l 4C_W*JU jl ®^jJL*il# 

jjX, 4^ 4 (R) ^Sfl ^Jr\j i(crd(180° — a) ^ 1 ) aJL^II ojljJl y j 4 (cos -j 
J b J-^- 4 AjiJaJJ jljjbUj < — > j_^j>«JLi 'jjXjjajf- j*\sa a a JLaj 4 Jl jjJl Jp ^jJb |*-j . R = 60 

jLjjI j 1 j yyr 4 j jJ JU L*..J <w*-wM 4 aJLa-^ 11 LljjJl jlJ j\j 

* L >. 4 : : * J jJJl yjj y*yr j uy-tj\ j ?y^ y j j J 4 Uj jJi ^U^JI 

^ i ^ * * 

L^yJUJb I ^ ^-saJ| oJUh C^I-jI JLaJ j . oU >- Jp ^^aJl j/i»j C* 2 Jg I JLSC_* j 

: yui oUUl Jp 4 ^ ^ a^iuJlI ibUll ^ai\ ISJ . ili-t oiijj 

:(r) ^LillO) 

crd(180° — a) = \/4/2 2 — crcPa j cos o; = \JR 2 — sin 2 a. (1) 
vers a = R± cos a (a >90°) (cy) 

^ /vers a(2.R — vers a) = sin a (g) 
versa/crda = crda/2R :(a) ^Jaill a^Ijuj (O ^kall (Y) 
4 (|uers a)/[sin (or/2)] = sin (a/2)/R j 
. [2jR — crd(180° - a)]/crd(a/2) = crd(a/2)/R j 
crda/crd(a/2) — crd( 180° — a/2)/R :(o) <*1^ (D 

sin (2a) = sin a.cos a/R Jp l^ia j 

:0) - I :(D (O 

4 sin (a ± /3) = \J sin 2 a — sin 2 a. sin 2 0 / R 2 ± y/sin 2 0 — sin 2 a. sin 2 (3 /R 2 
. (l ^^sin (a ± /3) = sin a.cos fl/R± sin fi.cos a/R :(Y). I 

. ij LlIj Lr tl) b . w ...s rf9 . k j 

^LjJ .UjJl JLSLlSlI J^i Jjb iSli. i(u . 1 0) pSj JXjJI (£T) 

; (90° ^»* ^T /3 ijfi BG j cc ^*■...^11 

77/ = ZD/2 = crd(2a + 2/3)/2 = sin (a + 0). 
iTN J j;u V L_^ iNH/BH = TE/BE J±*!> BTEj BNH j^lbil ^ ^ULJI 



a 



^j/3 *0- j ^ kill 


(n. n*) J^Ji 


c ar) «ol^VlJ) jLjbU 
. j-JLI JjJI>«j J^*ll 

p-li ^Jl ^1 ^p < 1)1 

JjaJLa_j ^j£> l^- J-n-JLj ^*j JL i'UlL 
fi-i-A . <—■«... :L - 1 ^IJL>sJLurfLj 

^ j~Ju t L Ja~+>*l\ 'j* AwOiil c JLpIjJjJI 
Jl^ aJI aIJLl*«-« ap 

Sit. J£-U ^ . « j!Akll» J 
. (Jjj. : JL 1 ^ * ^jLJjS/I *— > Li 5 ' ^1 jj! jl>-I 
^_»UbJl A^i ^Ul t-^LiXJl IJla 

4 -s^li-l oil* j-ll ^ 

^ JJI R = 1 JxmmmxII cj^iUll tolls' j*Jl err* ® ^iJb j>*il ]q^\j 
^ 3 Jl o J la ^Ijl^jl^I ( j-« Jl>- jls <uJL-Jl ^IjlpVi c->L*p jJ . aJJ jLil jJ p-li jJl jj! jlS" 
Uj*>U 0 15 * (jJJl j JXJLj oiJ pj ^JUI c R — 60 Jp *UL^I k^-ud JiiJ j . *>Lli oJiap j 

I JL^jhj . a^-JL-JI jIjlpVI 4 -j-*J (^JlI! jjjJ! a-jiM J 3 I ax^J j t>CLr Ijjj t JjIjl>*JJ 
oLj.xa «.11 ^L$-***Jj Aw<L^S/I oU^LaJ! apL-s^j JkJi aJI^ ^u* t ^ >j-aJ 1 j^-w? L jJ I ^jJ o ji jJ 

t (Jj jJaJl li-ft ^ A>dJ j . olilill w-;L^>- ^jjJalJ Ajjj ^ aJl ^S/l 4 Ajj^sLI 

O-^-l JjjJ . j*£ju jl S (^jJl < _ 5 — #JLl^Jl jl* ^Jl JJ JJ J-Li j j* o^* IAaj 

. olilill ^L*>- ^ jA^\ cL jjj£ 4 ^yiiL J j 1 jJ -1 ^>o I a J -a 

n 

Ijl* <wws. 5 * jJj . v— > j-wL -1 J j ju>- a>«_a^> J_p c L^-LS" 4 juo-J ^j-SULiJl ajo jJ 

p-IjujI yrl ^ill JL* j^lj • kjljJl dju aJLw^« o aJLm*aj JaJ ja JjJjL -1 


NH = y/BH^BN 2 ^iJUkJL-Li L^U JjSfl a- a ? ^11 L.I . ^UJI aJu-^JI 

0 ^ 4 ^ AXfc j-w« aJo .^1 jj t ..I >■! I ^ k jlJjV 1 aX*-^ oijt JLiJ j . BN / BH = BT j BE j 

. B^jjjjUki ALfc J 

^^-jIJLjj J*^ 4 A^Jillll C-»LnJLvail » | u » j-*-!l j ^^3^^ l S ^ *■** 1*^*^ CiT*) 

. ojj- 4 - ! ^ ^L^S /1 «-Ia jl jJJSj . ^)l . . . £^Ljs>S/I 

i s^aLsJI) yijJl kij>|jUl( j >fcLj*l 4 jjj^ll *x ^4 ^ ju^- jl^Jl jj! i Jiil (tO 

Heinrich Suter, «Das Buch von der j k 0 ^ o )l j pLjVl j ^i-lLiJU i^LjJl Oj-jail 5 -jil 

Auffindung der Sehnen im Kreise,» Bibliotheca Mathematica, Bd. 3 , no. 11 ( 1910 - 191 1 ), pp. 11 - 78 . 

non 



* > Jp AjUall ajjLaII oLUX- J*xSfl jliaVl £jJjJ jXL*Jl o jiJ! 

. 1>U*-I A^xi-lj iiJjJl X^>*Jl oJ L a OjXjjII Jl»- XaJj . g-l^v^ll .MxpS/I oU 
01 . oUXl 1*21 > j JU^VI oU; : t*J c^xxl-l ^1 JjL- ^JL JoaVI ^ 
aSxJI oJLa t jUjVl l)jX>- O^ 1 * jiS'l 4 ^Ip JSnX 4®^ljjVl® (JjlJL>- 

. pjjjlpjill <Jl>ol J--j LjjjI ^ c***J?j ^jill JjlxM x»- V 

jjfc j sin (1 °) a-Xxo oVjo- L> Ia,. l »,»iil ^ jL»jS/I J jXi- jl 

4 AJaU^j 4 ( jjJi>*lJl J $ ...11 4 Ja j*+aa J-*J . oUjXll cJLmSjL £*jX« 

tlaiM i^JuCj SI 4 90° v— * JaJL Vl * jljJ £-sX jjL>*Xj V LiaXj ^ j-5Jl 4-*-J ^la* j AjI 

0 jl Jl ^ ajX^JI J jlxA-1 oi j-p jl J-— Ji j . 89°; 45 j_p ^ jJaJl XJj Jy>- iiJxJl 

. AXIS’ jXL*J cJlS* Lgxs^ l)I Vl . AjjLSil a^jxJI jj-Ai ^JLij ji 4 ^i^Jil ^*->iLJl 

^JJ j ji J JL 4 oLU^- (wJLpI xx>- (JjLjj oLjIj jl (_£xll JX>- 0} 

4^1 jiS/l oU-ji ^IjjL ^jX* JuS-x^j V jx?- aj^# ^jX*xUj 4 jIjjS/I J jX>- 

UajLlX <JjXXl lJUb (OLl-Jl la .»> x5j . 30 j 0 ^LSCXa LajI j I^j-*-P aJJ UUalj 
LJU bjJiJ • ajuI jJI aJjXI ^L5jt liSUj oUjjdl UUajL ^jX# JX-ju 

jV j^l jl~S yJl c_^Xoj . ^^UlI jJ*UJI 0 y>i\ ajI^ JJ ^ ^Xl J jlx^ ol-^- ^Xj jp 
J^Xj a^ jJ ^1 L y>- ji^»\ x5j 4frlijJl (^1 JJj jjXjj ^1 Jl Jjlx>JJ jV^>Vl 

dJUSj 4 oX*-l J A jJ j ^JL>- jl /JJj . ^la.H^ill ^jA AJLjJa jXL» 

< jp O j-ll oJla j-JUJ . (i/yL>-{~+A l j~J AjjLLo^ OX. * I AXA j^i J-mSLAj 4 J^j^Xp ( j-o o j- sA»-> 

: Jlill J^XJl Jp 4 90°j 0° j-j sin x/x aJIjJI ^y^ailX 
a > b a/6 > crd a/crd b 

J.^2 >oi c|.crd 1;30° < crrf 1° < |.crd 0; 45° iaj^j^I aXjLxII XUS j_p ^,::x 3 

: ci* L rri>' 

^ crd 1; 30° = crd 1° — ^crd 0; 45° = 1; 2, 50. 

«J o 

£!A-^Vl ^^IXw-j L?" li^Uajl 0; 45° j 1;30° {SyA 

Ix^J JIj crrf(72° — 60°) jJI Jl bLuoilj <>o^ j^J uy*^*-^* 

d)l j-t j{^°iJ • Cfty ^ * 9 i jz-> L* j3 j-fJaj (j! 4 J^l Jl^Xj ISI 4 u^Lw-Xl 

d)LXl Aj^j 4 jJU i>-jXll AjVj) A>k^«j 1. 1 | (J jJa 4 cfJLJS 4 jll>-l j. o. Uflj 

. ( ^ 6) <bjJUai! ^xJU a^Ull Jp 4(c rr >JJ 


jl Up 1; 2, 49, 48, 13 < crd (1°) < 1; 2, 49, 53, 4 : Jl oV>. 

crd (1°) = 1; 2, 49, 51,48 




>*j i— jL-XI (£g) 



^ ^ ij* cr^>d Cri^ 4 -*-^J & i 

t j^a3^ L»_*J ^L«JLa V l j^j <*J QJL>kIxJl1 <Ajjla}\j . ^U-jJLlI ^IjL^L ^jJL# jJ&j c ^uLJLwrf 
J^suiJLa *-> j . .. --1 1 ^jUII Jl bb^Lu>l (JjjJM ^Lclj ^«-yJ ^iJI (Jl^^i.Tjl <»M/» 

^jy ^1 jj+ol 4 Li>-V *Jj ' ' ■ "' . * (^JJI twjl^-l IJu ^ j^Ltj . oU^jjJI oLmsjL 

4p«^«jaJl (Jjj? t L a . sy‘.\\ ^t c V_jl Juii . ila> c-*L^P- C-*^l+bcJt ^yu*-i 

U^Uajl ol d^.,rt'.T ^ a tl jU .. I j ■ 4 4^— .L>- 1 <J JjJkl oL L ~ 4 -l +^jI_j . 5271 (1°)J L+,ll>*l 


(£>U^I 


,-JL^. £_U> cJ-aJ) sin ( 18 °) <>._,(= sin ( 45 ° - 30 °)) sin ( 15 °) ^ 

: ii* J-**** 

8 . 9 ° . „ 16 . 15 ° 

-«n-<*»l < l 5 ”"l 6 

■ii 

1 ; 2 , 49 , 40, 4 < sin 1 ° < 1 ; 2 , 49 , 45, 10 

iJ 4 a ~1 Jji tULli Jbo 

.sin ( 1 °) = 1 ; 2 , 49 , 40 , 4 + ( 2 / 3 ) (Jy)\) = 1 ; 2 , 49 , 43 , 28 . 

I Jfl>-I l« IJU j 


. 16°/16 . 18°/16 

‘"“liTw = ”" i87ir + 2/3 


‘ . 15 ' 

r n T 5 


716 . 18°/16 

— — sin 


15/16 


18/16 J 


6 j£i (Jj IJUl^ua c L^JLp 4 * Jill Jp LuaIp L*t~>waJ caA^jJI ^ c Ji-Jb J 

sm 21 ° J-p jJLLil j-jj-d sin ( 1 °) ^L^>- ^ LkiU j! UoLL* 

* L ^ ^ 4 J-s<a>**3 * J 5ZW 3° — 1° j 

sin ( 1 °) = 1 ; 2 , 49 , 43, 28 - ( 1 / 2 ) [sin ( 2 . 1 °) - sin ( 3 ° - 1 °)] 

= 1 ; 2 , 49 , 43, 28 - (l/ 2 ).( 2 ; 5 , 38 , 18, 0 - 2 ; 5 , 38 , 17 , 12 ) 

= 1 ; 2 , 49 , 43, 4 

'.sin ( 1 °) l_jI— j>- oVj-L^ 4 sin ( 1 °) jl L.«_ ; 

. av) sin ( 1 °) = 1 ; 2 , 49 , 43 , 11, 15 

4-jL-jM p-Ua^-S/i ijji** <J^J 4 ii^JLUil AJjJl £jJL> 


David A. King, Spherical Astronomy in Medieval Islam: The Hakim f Zij of Ibn : jJa-Jl (t^) 

Yunus (Frankfurt), chap. 10. 

lilj • sin 1° = 1; 2, 49, 43, 12 Jp J^i (i) ., J.UI J (h J-ULl JIju-I ^ <£V) 

cbbu f(a) jl <£ f t a = sin 1° U j-ipI j stn 2.1° — $m (3° — 1°) = R.f(a) L *-^ j 




(W- JS^JI 

tP ib^' olijjJJl ^-ajL^J 

’:e-^((w. JSLJ1 ^D^-^JUla 


SI c L«Ur \» j^oj» J jJlA-I oJL*>- 

4<1)L*>-^/! 4 ^JL * 2 j UaiJ-l (1)1 

. AajI jil aJjAI pij SJL>- jJI 

sin (l°/2) JbJui aJLjJU v 

(jjLij ^ ViijJi ^^lii 

J±s\ — »A\ 

l .<a ;l ^JL>r.T .»j J { « . I j '. « 

Jj>U 172 v ^ 

tP* — *A> 0 * •• * • : • V:^ cb^ 1 

4 (j|W^-> J-£* A*« _^m*a 1I jji-U aJ^j Jb>* 

A la JjJlJ*l 6*1 jj J « $ ... T I dJUS J 

(1) j_J JL3 j . ^JajLi Jl ft . J^l 

^ 4 4_jh5 4 L-^a^A 

^ uUjj c>5 kpi jii *u j!i jA ut . 


sin AD — sin AG < sin AG — sin AB 


. DY < DM < DK = GT g 

4 4Ajjjui 4 — * j-A- 4 jj^UL* aj^C ojLi^-L t sin (l°/2) J I j .,<? >■ dUS c j-^ 

! (( \ A . \ 0 ) J^dJl) ® i Jta Jp ^1 Jal2dl {J* a^J 

AB = 3°/8 = 12 0 /32, AG = 9716 = 18732, AZ = 15732. 

^jJl A,laj3.bJl j Z A la d *. llj 4 ^Lj^L^JL* *1 J>4 AS-** Jl BG Ji-ll >« d . j j 

Jl Ajjbj^JU jj^ll J« « latll . a^-mJLJI oJ-^J (1 )Li*jU 4 AB = l°/2 = 16°/32 

: AjldJl oLdl 

(sin .AG — sin AZ)/3 < sin AH' — sin AZ/8 < (sin AZ — sin AB)/3 


Lia^-1 Uji, «« 7 sin 2.1° Jl lki-1 01 .3^1 V ^yJl 2 + cos 3° 

4 Lite Jc» j - 7 » j 4 dU3 <JjSll •— jLA»I Ol .sin (3° — 1°) 4—>L-*>- (__J>o Jl 

I jJa^j 0*V Jl* 4 _jLA 1 Oj S) 

.(16/15).sin (15/16°) = 1;2,49,44,34 j (8/9).sin (9/8°) = 1;2,49,40,8 

. 1; 2,49,43, 28 ^ S/Ju 1; 2,49,43, 5 J bjl^A 4ISI t JjVl A^iJl j_JJ jt ^ 
Franz Woepeke, «Recherches sur I’histoire des sciences mathematiques chez les (1A) 
orientaux,» Journal asiatique, 5 eme serie, tome 15 (avril-mai 1860), pp. 281-320. 



[sin (18°/32) - sin (15°/32)]/3 < sin (l°/2) - sin (15732) < 
[sin (15732) - sin (12 6 /32)]/3 

0; 31, 24, 55, 52, 2 < sin (l c /2) < 0; 31, 24, 55, 57, 47 


sin (r/2) = Oj 31, 24, 55, 54, 55. 



LJgj - .g * ^ 4 \.L*. 

( _ f laju *Jujh}\ ijLA 

c 1 ^LSl Uj sin (172)J \j 

. M >ill SJsj^L* (jJJi 

j . ^ jj— 4 j ; lall 

Jl <_y LaJ^o 

l j-2 ■ W jJLi . j-JLp 

'J--*- isin (r) <_<) — 9 - i'&S-, 

viJUJ! j jXi\) ^jJt 

ij-l j* »LJL» JL»-t jj*j t (^j’iLlI 

SJLf- 

JjAj>- d;_y-£ ■ oLlLII 4-jI — >■ 


(\A.\t) fij jSLill ^ <J 

Aj>-jJLo { j* 1 J lJ^ 

( J-AjsJLj j_Aj ^3 ijljJl JjjJLl ^^3 ^Oj-ajJl 4 I . OL^jjJl 

SjJlM t j-P' Sjl>~ 6 1 iJJ jr^ £jli yfc ^SLoJIj ■ -t^-sA4 

,j_jjU3l u-jL 5 ^ 5^jl jJl S— iljjJl jl . ^jJl *iUi ^y ollbil L$Jl cJ-^j 

^ LJU >t LSlil <JjJ->- 

■> ftljf j ll JjLiT <_y t ^LaiAtAJ 


. 0; 31, 24, 55, 52 , 2 < sin (1/2°) < 0; 31, 24, 55, 57, 47 : U* j j£> jl 4 & ^Sf L ^ (1 <0 
^ sin (1/2°) = 0; 31, 24, 55, 51, 57 4- (l/3).0; 0, 0,0,5,40 = 0; 31, 24, 55, 53, 50 : SJLiJI OjLSilj 
.(sin (1/2°) = 0; 31, 24, 55, 54, 0 \ ^Joaj c— j l-jL- 4-I jt ^JLkJI £*) 

: wdl J! [15/32% 18/32°] S^JJI Sij! jjl ( J^> ^5 ( o * ) 

(8/9).stn (9/16°) = 0; 31, 24,55,31,8 < sin (1/2°) < 0; 31, 24,56,4,26 = (16/15).sin (15/132°) 



jLjI JlS LgJLa^j dJUL? ^jA CjLjLLa l y& d«->*-Jl j! j J uj 

0*lP ^Jp- ^ IjAllpI JJl <— J jaJI cLUjsJI frb-Lp ^L*IaI d-jl? 

j-JiLJl j jj 5J| L» o j^iJl ^ cJtS’ ^waJl bJLp jNl L»jJ jl . JjlJbM 

^yall oJjk ^jlaj l)I^*mJIj . jJLp j ^illj 

^ <»jL>r.t.^il oJLpIsJI jSa. j jl c 3 J-sa 31 IJ^- c j^wj ?jlJl JdUjdJ ^ j-^L« A/ I jj,a 

c-^wi"l JjJL>- < w ^5* jjJ Vjl ‘W’j j-«-a • JjlJL>*iJ jJa-Jl jll\ ( J_P jjjUUI 

5i jJtil jja jJl llaJL>«I*>l blj . ^ j >- 1 <JjJb>- ^1 ^ ^ JZ J dlio Jxj Aa^xaj cJ^UaJl (J jJl>« j 

A2/_i = 2/o - 2/-i, At/ 0 = 2/1 — 2/c, ...A 2 1/_1 = A y Q - A y_ 2 

^ j J 1 l^ (Jh L > ^ u<l ttm * J 1 ^XpM,aJt ( X(j 2) — \ — 2/j 2 Jq — ... — d l 

: < ° r) s? * ‘ [x„, xi] ,Jy = y 0 + (x- x 0 ).Ay 0 /d : Jai~\ JUii-Vl 

dJUo j 4 4jL jiaJl oJugJ ^jJl jl j5Cl]| iJlSlal 4 J5ld <isa— 4 C« .d t jl (jj J jl>* JjiJj 

c j ^3 ao^l ^Jl 4 sjlpLaJI a j_A j_*_>- j-^-1 ♦ Ai/_i ^.*. la ll (JLft-^jLwuV I j-Mi-itJ 
4 j>-jJl1! ^ja j+j An , ./g 1 4_bL*_* ojL-p jl dUo j . jd>-j^l1 

4j JlgdJLw-l j IJLj>- O ^.iJl * ;ll£Jl calls' d >- yi 4 4-uliJl 

. ( °^ ) 4jl»liS' ^ UU- 


Javad Hamadanizadeh, «The Interpolation Formulae of Islamic Mathemati- : j — k ;l ( o \ ) 

cians,» paper presented at: Proceedings of the Second International Symposium for the History 
of Arabic Science (Aleppo: University of Aleppo, Institute for the History of Arabic 
Science, 1979). 

< j S’ 4 ^2 j JU*S\ (jjiLJl 4 jj^dl -t^*l jlPjJl Jj\ ! faj\ (oY) 

^«JLp <4«».Ja.4 : ^jJl iU jJLs*-) 4 aJIaJI I— ®jljj ilb! <-l^ ce^^JLll ( jlS^il 

4 iilLiJl Ulill ^a ^U-Jl j'^U^a-jl a_^>L>«j 4 Y - ^ t ( ^ A o _ ^o£ 4A-JL>JL*Jl l_sjL* 1I SjJl^ 

■J jkyll 

Carl Schoy, Die Trigonometrischen Lehren des Persischen Astronomen Abii’l Raihan Muh. Ibn 
Ahmad al-BIruni (Hannover: H. Lafaire, 1927). 

(i) JaUL! jl (Jy cy-yo-\-(x-x 0 )[Ay 0 -\-l(x-x 0 )/d-l]Al_ 1 ]/d i^a \ I L^i: bl (or) 
yy^ (j I aj J. U: ^I (_£A-ll 4^1^11 ^ wjaXl l ^ j jl Lbjf ISJ 4 [(x — xf)/d— 1]A^_! ojb*-ll ^L*l 
ll^l jLa IjXaj . (x_i,i/_i) li> ^ ^>>^11 & AiJli ‘(®i,yi) j (xo,yo) j^iJl ^ 

^1 tU>JU tSjLi^/1 ^4 t Lj yu LjLw« IJLa ^Ijl>cI^I 

.J*4~ \ JUS^NI 

Edward Stewart Kennedy, «The Motivation of al-BirunFs Second Order : j ^ > 1 ( o t ) 

nn\ 



J {j* LiVJajl i LjjJij <__.Il. cJ j ./a4 -L i*s| ^J| LS'Lj, !.>■ ll>- <«. «<g 

I (Jj US' < iiL_Jl jJJ Uj « aJuk t^s^Sj . ' ^ jl J_t-I *z*m j.^^t U>.«j 


2/ = 2/o + • 


z-zo fAi/^ + Aj/o 


d 


‘•[ 


+ x - 1 0 • Aj/o - Aj/_]/2.d 


JeLilllj ^l al; [x 0 ,Ii] ^ Jl L...,!'. * l*i>J 

V 1 — ^ J-* o-2-_l> J-2Jj .(a:-i,y-i) j (x 0 ,y„)j (; x u y \ ) oLJI.Lp-)M oli ^^LtJl 

WjU-l A ■ ■.. ^0 4 O 4_jl Jlj 1 '■ a 4 . - I^^Jl <J ]ff jja_>- 

cJITj . <# ' l> [x-i. a: «] J fo»*i] 

<>• j-j! iXeM ij^yu ^ j>-t UjI ilL* 

(^ 2 , 2 / 2 ) vi-»^LsJl JpL 2_JL (^iJl *(jl-£il 2 . 1 1 ( J -p [x D , ^ 2 ] 4->wUJl JjwaJ-l 

n j^X-. tx 2 = n+ 1 iXi = n + (1/2) ix 0 = n ^ i{x 0J y 0 ) j (zi, 2 /i) j 

6 j-A oLj <jl • Ol> jjdl ULsAjLj LjIj US' gjJut J jjJLl (1)1 , Lp^-p^-yg bjlp- 

(Jl I • £~i! cJ 1 C UljI L a L fldpLjJl 

JUSU^^I iJijh o*-UJl jJL jd «^a U jU> jl>«j t [n, 71. -H 1 ] UUJI ^3 

I US’ dJlpUJI oJLa « A>c^wJt)l -U* j ^3 ^U^,. <».yl)| 

sin x = sin n + (x — n).[sin (n 4- 1) — sin n] 4- 4.(a; — n)(n 4- 1 — x) 

[sin (n 4- 1/2) — ( sin n 4- sin (n 4- 1))]/2 


Interpolation Scheme,» paper presented at: Proceedings of the First International Symposium for 
the History of Arabic Science.... 1976 (Aleppo: University of Aleppo, Institute for the History of 
Arabic Science, 1978), reprinted in: Kennedy [et alj, Studies in the Islamic Exact Sciences, and 
Roshdi Rashed, «As-Samaw , al, al-BIruni et Brahmagupta: Les Methodes d’interpolation,» Arabic 
Sciences and Philosophy, vol. 1 (1991), pp. 101-160. 

:0ljdJ JJjS/l JjyiJl .39,36,31,24,15,5 Ai-Vl </» •!»(«») 

x —* 150 . sin x 

:J (^1 cp|jLi| uiLsoiS/ <ujU* x j 

150.(sm 90° — sin 75°) j . . • 150.(sm 30° - sin 15°)j 150.sm 15° 

Brahmagupta, The Khandakhadyaka: An Astronomical Treatise of Brahmagupta, translated : jJaJl 
into english with an introduction, notes, illustrations and appendices by P. C. Sengupta 
(Calcutta: University of Calcutta, 1934), 

• A ^ t AjyypS t V * ® c tJjVl 

Javad Hamadanizadeh, «Interpolation Schemes in Dustur al-Munajjimin,» : ^iaJ! ( M) 
Centaurus, vol. 22, no. 1 (1978), pp. 43-52. 



! 4-JUl AjK^ail id ~ j c (as — % 0 )/d = £ j AiLJl jy* Jh t U<ajf J^L«J i_s*J 

. (<>v) [i 0 ,i 0 + 2.d] Jp ‘V = Vo+ £Aj/ 0 + £(£ — l)A 2 2/„/2 

oUaJLJl elJLfcf jij • Laj y>~ p-fcf ^j- 4 ^^*-**11 ^-1 *j 

a^S J iSj . (^ * £ * . \ * Y* • ) (Sebuktijin) ^ jj i y*~~* (jtiJl (j yy*M 

(JiUJ! jLl^Vl 4_jli£Jl iJUk . l*lp J-fcLj a j-a-P O^J 4 JLl^Jl ^3 Al^li | JLkj 

aJLSII . aJUL* o j«JLp iSy^J j j 4 <^LLaJi 

aOjb JL>*1 . J ^ -/* * a jJt+S* 4 Ajj jJJ i_j Aj>x.U->..U cOIJLLAII A-*** aJJIiJI 

4aljJ*l^l Jbu 4 jJjj-wJl jj . ^ ^y j£a Jj^ a fl. l l 

! JpJlJllJl (jcJ^Ltl! ^1 aLUIIj >j 4 ^Iflll^ (jOaj^laJ 

i(x = 2 .cos 20° <l)f (il) crd(80 o )/crd(40°) a^—jJI L^.5 2 ^ tl 4- 3.x = x 3 

. (0<K) (x = 2 .sin 10° of c^f) crd(20°) y ji\ l$Ji£4 ^1 cas 3 -f 1 = 3.x j 

I Jla y^.^hj i Jllll Ju/>ji)1 ^y (jj ^-j-Jl <3 jJaJ Jidj . O-wJAiII aJ^IaI yA£ji y& j ~*. j IJlaj 
ajjIj il« : L k J aJLJl ^JUw^Jl JJ-I £>-jl J * 4->-j.a yj JOJL^ Jl t pLuJl jLU^M 

As?j* y J-1 oLLo- AjojL J^uJl IJLa . O-*0T y aJL^a jJLp Jb>- ^1 AjjLl>-l 

J->- 0 j-S\i o J JjLj JLi j . ^Ls^> <J-P l^L# iJJLl^a c o-L>-lj 

4 Aj5j jJaj l^Jb>- O jjjf Allliil A>-jJlll aJ^Lc* 

calls' La^ c 4 m «5'1 ^yLJ^-\ ol aIoA- OjO^ A4j ^ 1? ol 

A^llll ^ -/alJl . ij ^lll A*jL_J-I jJaJl A»^Aj ! J-A Jl^-C C ^ll^xil 

U-jL^>* Jl^- ^ ^li-jl 4-Jo l ^ ^ jJjJ of j-laJl (J 4-LLaf A-JjjJl 

y . £^L^S/I j^pL-J JUJl>bi3 (JjJIaII ^5 oijI^Jl AiJLjJl AAj^iaJl t olllill 
! AJliia-U jJLp JLrLL A^ji yj 

crd(40° + 2°), crd(40° + , crd(40° + ^), ... , 

I iOjjaII pU Ua.^alL i, { j<^y» ^1 A Jw? ( ^ V) 

4y = yo + (x - x 0 ).(Ai/ 0 4- A 2 /!)/( 2 rf) + 4[(x - x 0 )/(2d)].[l - (x - x 0 )/(2d)](Aj/ 0 - Aj/i)/ 2 
: jJail . Ai^^ajl U li^j ‘2/ — 2/o ~ ^( Aj/o + A 2 j/o 4- Ayo)/2 — 4.(^/2)(l — ^/2).A 2 yo/2 
King, Spherical Astronomy in Medieval Islam: The Hakim! Zij of Ibn Yunus. 

^Ul AiJliJt aJULI : T ^ (®A) 

Schoy, Die j if J-vaJJl 4(^AAo :iy* \JJ\) 0^1 yJ\ ajJL <* tJL>! 

Trigonometrischen Lehren des Persischen Astronomen Abu'l Raihan Muh. Ibn Ahmad al-Biruni. 

^JU j Ja . : — M ..T.l l J . iy aJLa ^Jp J 1 pjj 4 15jL« Uia>-V 

. 2x — x 3 = 1 — x j (x 2 — l) 2 — x 2 4- x + 1 : ijutaUilS' t U-.JLA ala jl\ oV^Ull ia : .«.7 aJLUII j 



.* ols^UJl jj ell t *1 j.&l**' S )I I IjlL LaJ lS jj 

crd u D = crd (72° — 30°) , 
crd u\ = crd (30° + u Q j 4) 


..., crd u n = crd (30° + iz n _i/4)... 

* «A~Al £jiaJ >i p-fr* J ^ 8 crr^ l hj l/ ^rjiJ 

L*J c [0°, 180°] ot-wmjjJI ^ 4-Jta 4 JL-J.I oAa ^3 L-stf>Lj s ^> jJLlail j 

j5^ j-« SJi5lA-l 90° — m <dsL4ill ^3 A; LaJL>- j *■ 4->«-«<AJl ^ jJa jjL^Jt 

Llw> 0 ci jjJ t <^(£) = k.sin 6 (\) : aJLJI ip aJIjlII Ail Ji j . ^>wAJl 

. £ = 0 — m.sin 0 (Y) :.» £ ^JcJU Uj 
> w 

^J-p 1 ^ * 1 , .s^j jLaj t(Y) aJ^LaII 4 o j JLl a il ^_> ip aJIjJI^ 

: JUl J5LU1 

0 — £ -f m.sin 6 , 

ifl„ = /(0 n -i) = £ + m.sin (0 n _ 1 ) j i0 o = £ :_j ii ^*11 (0 n ) aJLliII i-k-J ^ 
I Jla ^-P JLaJ . i— > jJLLail JlA-I ^>*_» c <uLy ^ b ^1 71 :>JLaJ 1 JU^j L^*U»P 4 j^JLi 

t_s ^xJl (Y) aJ-sLaII J^Jl. aJ^^ ajlpI jJ 1 jJ^j cj\ jA 6 Ap 4 d^>kj 1 (5 AJl 1 — >Lm*A-I 

. « ^LS" 

^3 L^JL^JLu-I A-oL^A-1 4_£j jAaJl 4 -L*>- JJsJLj 4 LsAjI J-SJj 

^ c-ojj ^ill 4 . 4 —^ cJliiL! aLLa* J-p jJal ^ j . (<n> sin ( 1 °) uL> 

! A3^LaJ! aJIiIaj 4 AJL^Ja cJLa 3 U5 t a^jL«*A-I <LiajjJaJl oAjfc ^ JL>uILl^Jj . j ^ilJsJl 

( jj» oIjLp la .>. ) ^ill tiiAiS" (j^j-Jrl cjLiil L,Aj1 .u n = f(u n - 1 ) 

: aJUI aJ^U-JJ Ui j cAJij 4 (60^ n _i + ^ n ) 3 — (60x„_i) 3 J jJu>- iku-1 Jldl 

iJL»J! Lf 4 24 (_£ jL^J 771 <j! dUSj 4 aJ j-ows^a AjjLdil o| . ^ = ^5 (^ * ) 

Edward Stewart Kennedy and W. R. Transue, «A Medieval ^ Ja..Jl . 1 ( j—« ^_J» *A (m.7r/180) 

Iterative Algorism,» American Mathematical Monthly, vol. 63, no. 2 (1956), pp. 80-83; and 
Edward Stewart Kennedy, «An Early Method of Successive Approximations, » Centaurus, vol. 13, 
nos. 3-4 (1969), pp. 248 - 250, 

Kennedy [et al.], Studies in the Islamic Exact Sciences. : jblUll c-> jlS j 

Franz Woepcke, «Discussions de deux methodes arabes pour determiner : i^Uo ^iaJt (1 \ ) 
une valeur approchee de sin 1°,» Journal de mathematiques pares et appliquees, vol. 19 (1854), pp. 
153-176, and Asger Aaboe, «A1-Kashl’s Iteration Method for the Determination of sin 1°,» 
Scripta Mathematica, vol. 20, nos. 1-2 (March-June 1954), pp. 24-29. 



(60ac„_, + q n ) 3 - (60x„_i) 3 = [(q n + + (3.60) 2 a£_j].qr n . 


^3 ^^1^1 jl>-I c LJLi L-S" ci->L_p <1)1 

. ciL ^Jl jUaJL-Jl jl$p ^ 4 ^ll jlj y^M Jl+ 0 ja jj JLa 1 1 jiLdl IJla 

<u£Ul! J jIjl>JU y*- J> 'V I Hj yut ftJjh ^1 . Uajl 3 jj j 

<y ^jj JLaJj . <L4--^ dr^ (_£JL* j-^* 4 IJKaj . <Vf) JL £jM 

ritaLwJJ Jl>- sin (1°) d)t <A c~L jU^ j^Soll £-j-L!I 

x = (x 3 + 15.60sm 3°)/45.60 ( ^ ) 

: JlxJl J£JL)I Jp 1 1; 2 < x < 1; 3 : L5UI oLdl JJ&£ ^ jJl x J jp 
a: = ft + 60 _1 .ft + ... + 60 ~ n q n 

y* jJw>t qj< o\ 131 ix = ft; ft,..., ft — H fUaJLj x ^ ^ 

c L jUi.4 aJL^o a.L^Ijj ^UiJL ft, ft..., ft -L-L£ lII j . (YT> 60 

d^*j 15.60sm 3° xbJU ^ Lpl ^Sj Jl?-I ^a JtJl J,l 0 j-* ^jS ^ ^jJLjj 

. jLipMI 

lII [ x \ j .j x o — ft* • x \ — ft, ft * ••*, ^ ft, ft , •• ■, ft -* ^ J->* (31 

4 j\ JSljLj L g\zii jU 4 l 5 U1~JI ^UaJl ^ X 3JuJl ^jA ^>waJl fji-l 

J TV = 15.60sm 3° £a) X = (x 3 + A0/£> cO) <L>Ui! ^ LS^kJl : Jj U5 

^ ^c^wJl *3^1 ^JJl g 0 ^JbJl J-p JjVl iJU- ^11 ^ Jls*_>J . (D = 45.60 

<.r 0 = N — D.q 0 J\ 4 D J* iV r 0 ^ . x 0 = q Q N/D 

: JSCUl Jp (\) ibUi! ^ 

x-x 0 = {x z + r 0 )/D 

4X1 = ^r 0 ; ft = q 0 + 60 _1 .ft J_p 4ft = (x 3 0 + r o )/(60 _1 .D) v 

: ^sdia ri = (xq -f r 0 ) — 60 _1 .£)ft : ^Ul j 

a: — x\ = (x 3 — + ti)/D 


Louis Pierre Eugene Amelie Sedillot, Prolegomenes des tables astronomiques : j la )\ ("IT) 

dVulough Beg, 2 vols. in 1 (Paris: Firmin, 1847), pp. 77-83. 

)a j«JL]1 1 JLa 1)1 i AjJLaJI ^jljJl 5ifc *>— > L...‘>- -I c d)t 

(Jp Jj-nAjLI y qk > 59 (Jp Jj-sA^-1 j|j . (qk ^ 64 Joii x < 1; 3 LjLiII jS/) -XSy* j*J> 
UaiLl Q>wlJ J . <7 mJ^IaII ^ X^_2 j JjLI~J LaJllP (1 j AZ^-J jjw?l 

. yidi j buu 


nno 



t (k 4- 1) j«_i j_)l £j\i jll l _ J _> 1 1 j 1 > <_ £ JJiLnil ^ i llXjbj 

: J* Lj^j ii - Xfc.j = (a; 3 - ij[_ 2 + r*_i)/D, (A: + 1) 

qk = (xl _ J - x 3 _ 2 + r*_j)/(60-*.-D) 

■ r k = (**_! + zf_ 2 + r*_i) - 60~ k . Dq k J-pj x k = x t _j + 60“ fc .g fc J-p 

* y*A ^jA ilJLpI <. ^ ^5”JL 

Ii-1 . sin (1°) JjVl jj . ijJl oV^ill jI-Lp! jJp- jj . sin (3°) J 

^ cJjil \Jjkj . 4 : ia r >ill 4 JL* ^11 j>j jj^.t.4 ^>-1 4 jLL~>- S3 5 

! iJlnJLl Ijb- 7T Oj£i 4 4j3j AjAzjZ AAj^aj 7T 3JL>Jl JbJl>fcJ 

3.2" ^2- \[2 + \/2 + ... + \/£+i 

4 7T J j.lkJl JjVi j±a ) I oVjdl ilJipi Jp Lie ^153! li£» j 

t jliliUl AjIiS” J jJjt j} . ^^UaiM JbJ ».ll <L*>*LLa 4 jL J-U La, \ >LL.mj» 

e-jL^Ll 433 jl . <l6> JjVl £jjS/l oVjdl ^ <oIJlpIj JjULb £jJua 

fiJut jJ: 4 3t>LJU j-iUJl j £--Ldl ^JaJl ^ lLLJLjJI c-LJlp JJ ^ cJL^l ^1 ^JjJI 
^3 Ju^>- (Jjjl pJLdJ*Jl ^jA Q»* 3 LlL*^ I JbaJj . JUL3 jAmtjt j JLaj -JLl^ll o^JLaJI 

. jJaJl jjjjJl jlj*— Jl Ji« <W>l>rnJJ j^W^LjJl Ju^-I {jAJ 

* 

^LJl j jJLlI JJi oLJLil jJLp ^ *' L ^ i *j?rj J ^5-H oJLll ^ c)j^j *L5j 

jlJjVl <JjJL>- (jL) jj| j »,<a w )l aJljLp ^JJLA ^ ^ j fl a , > . 

J,J La jJ y>-j aJlA I j^aJLicl^l l-> jjJl J-ULJl c j5Uj . Ajj^CJI <La j-^>j 

vJLaLLm^- 4 icJ^J » ^3 La l-i-Aj L^jAjA 

oLjl5J Cajj]ojj . SJUji <Jjj-a oL aLI (J,j CjLjS/l Jj-L>- 4 l a >*»1 jj 4^ .4,Ji‘. ^ ll 

(j ^iaJlj jLk_^JL^Vl j SJLpL-Al O^IjJI j»IJL>wLm-I JJLa 4 ^^JLaJl c^L-*>i-LI SJjJ-P ^ 

LeJU. 3.2 n ^ \>j£- p. U::a ( A-Ual C n ^-UJI ^>1 ^ «JLfc jXJjJ (10 

110 = i? ^ cii„ = crd{ 180° - 120° /2 n ) ci cCn = y/ 4.R 2 - u 2 n : Jl i—L — -Ij— > 

. ijjJDail AjjLmJ-I iijJl j^JU <— Lii c n c iJLP Vjl iJL4 .itn ~ y/R<(2.R + j 

|»UiJl Jl Jo^l Jbo L. I j LAj . 27ril = 6, 16; 59, 28, 1, 34, 51, 46, 14, 50 j n = 28 -L£ IJLSLa j 
P aul Luckey, «Der Lehrbricf iiber den Kreisumfang : jJaJl . 27r = 6, 2831853071795865 c ^ jJL«Jl 
von Gamshld b. Mas‘ud al-Kashi,» Abhandlungen der Deutschen Akademie der Wissenschaften zu 
Berlin , Bd. 6 (1950). 

Javad Hamadanizadeh, «The Trigonometric Tables of al-Kashl in His Zlj-i \ j — la — II (lo) 
Khaqam,» Historia Mathematica , vol. 7 (1980), pp. 38-45. 



^ tc5r UiJl fj+Juj dJi! J JjSl oli!>UJl J JliJI *11* jl . LJ oLJ^I 

(>_■» ».JLt 11 (JL>dl I Jla ^ t. a-JU jl>«J jj . <lJL^- 1 JiL? ^3 <u^JL*Jl oL^i^ll 

Ojs S^JL>«jLo Set jJaj Ij^dU jjis . j-*Jl 4 ;L£liJl oLlgLJLx.il 

JbJbj- ^JLp I j-P-l laZ^l IJL$La j . l$J J 4^jJL2jl { j& j-sojJL ^QaJLjl 

. u-jLmms^- 1 ^ 4lP l £S' V 1 £ Tj + &1 <jl Jb*3 oljjlaljl ojij oJlS^ 


•nv 




_ w _ 

uJ jJtil ^ CjLfubb jJl j-oiib 

«• ' *’* '* 

03j 3A\ Ly* 

— 


W jf\ 4ijJi\ 


a-j^aJI I .,<? a i ^L$Jl jj-Jl <1)1 >! S j_4 j 

Sjl>- jJl lU l: : ;ti.^l I3[j . L ^ a -^ j <l)j jill ^ 1^- c_j ^JJ l Hyu*j oL-^LjJl 

^L§-^1 (J-^ •-iJLULS’ J i^A-jj-aJl AjJLL^JI ^UjS/l ^J-P f ^vn ^UJl XLa A g .17 ^jlJl 
^ j^au ^ t (T) A^L~i-l «oblJi*Jl» Jjb- aJUU-j (Gerbert d’Aurillac) llljjjj 
ojlpI ^1 SJjJLxJl (JL^-pS/ 1 ^JLp ^llll (1) jjLU aajL-JI oHJ^il 

J-^“l j « /* P ^^3 (JjJiJl ^j_4 ^jJl ^j" 4 ^ 1 1 5 jljflJl <J^>- 

( j-« . j« «^as dr 4 ^ ^ TV*) ^LjM Sli j JOu c 3^LJL! ^ JLp ^jlll! <1) jlU <jbJl ^pJl 

jj ijJaJl ^ jJLaJI ^ oL*Ij 3 ! (Haskins) <— >LlS” li*j ^ ^i>4 a^>* 

Jl^-pVl ^ ^JUJl j-jjb <1)1 Studies in the History of Mediaeval Science jl\ 

ij) £*- * s *x- v T» j . «<o-LI jmP OjaII ^jLJl c d «ll ^<-3 1 ^Jl ^ ^Jsj Auuj^i]| 

a_^L>- jl (Alfanus de Salerne) j^JL- j3 ^ ^JliJl olUj-* J_p a.:,il jj-^Ja H 1JL& 


.15^*1 . t L£>JJl (FNRS) a—.j1I (#) 

. jj-^r Lap j pJlp lift aj^^j ^li 

jL^yi (sjJLJI) Albelda ^ ^ t(Escurial) JLjjJL^V) j_* Codex Vigilianus (0 
David Eugene Smith and Louis Charles : I 5 jL.Jl ^Ll (Ebre) ^Vl ^ ^ ^n:.ll 
Karpinski, 77ie Hindu- Arabic Numerals (Boston; London: Ginn and Co., 1911), pp. 137-139. 

. ^dl) . «Abaques» JL ^ yJl ^ cl j* oVT (T ) 
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(Atto & jx jjj jj\ aj.LULjj (Constantin l’Africain) ^yLjiS/l jUiUJ 
JjS/1 ol jJ >$ il ja 015 tiJUi £-• 4 Jl5CJ j / r) c r JaJl JLf ^3 Iohannes Afflacius) 
SJuJbJl oL^ jJl ^ La jLajJI ol yi JjI cJ jP aJ jjJ I ^ jAaJL j»UiaI ^p Oj-p 

^1 (Renaissance) SjLp <jL UJL- jJ j . b^UJlJ ytp jlill j jJLll ^ 

JaJaAJ aa jaII d)ti t Laj^j L« L^J c 5 jidJl dJLa t Jp aJVjlU j^£*aLa JLa 4vju*Jl>*la1 

(_£^— a (^Dl (J jiJl 2 jU ^ jJp ^ 4 AJLdJll! ^ jlaJL AjdUil y sAllI ^jA 

• ^^Jl 1 a Lc a-LS’jil j*^ 0 j^l ^ ^L—Jl ^ja apLp ^^a 

jJLp jtill j jiJl ^ ^aJI j^LJl JP cP-iSj <^l)l 4 JjSll <jP y^i\ JA iJLP Ul jb (1)1 
SjJU-1 Aaj>-I jil Ja JT US ^yj » jil 1-LfJ A3^ jJLSI aJ^La-o-jj AjjUUj 4 b^LUU 

Jl o jUNl Ja llA Jb V J . A>bJu aJLS’i O j-Ip! j If- |JL- eljS/1 ^^>*-1 

1-La . Lj-L^~ La j <w»j ^ ^j-ll ^-mP LJl J ^uaLJI 0 ^aJI a«o ja-1 1 (y^ y « 1 1 a^-L 

jaI JUp! ^La SjjSjIIj c-j L —jL-I j*JU * <a JL«*l l ( jp ll ^jpU <JjUj 
<Jp JJl jS/l j-J^Ul j^ll jbUa-®-» llli jju* O jJaJl 4_~— Jl 1-LfJj . ^ta a a ll jl p-jJjJl 
^lll Ja-A jJl j j yai\ JUpI Ja J 5J LiJb L La j Lla ^JlU M SJ 4 j>o j . AjJL>- ol jJu 
^^aJI t— 5 jAiU _ Ulp aJ ^>* il _ (JjS/ 1 { y>A jil jJp b jlU 4— » j*~3 4 ^jaJI j-jL 11 j^L j 

a^->ui ve^i jupSm Jp US' 4^jli j U.JL 4JI j (-aUJ -1 ^ jJLp ^Jp ^^jJaJl 

. oVUil 0 JLa j A^t ji^Sll 

JjVl yLJ-l jJp :Sfjt 

{jj*$\ jJLaJ 

^ ^ — -tf )1 ^ la .x jJl (1) J jjJl ^UJLp JL >■ j 4 A-JL*j jJI Ajj j-Ul j-^aVI JaQaj>*Jl y\ ^Jp 
L-^U^ i-l ^^3 jl (.Ja-aJI u L i-1 ^ i p ^3 abjJL>*il djLiJjil ^jA »L»^JL«^^LJ j l a . « /3 a 

Lr <JUl 4 Lj>I 1 JLl^ ^ o^ll (i ->-Vl J^u*il c^Lp aMa! L. (iJUS t^^pVl 
De Nuptiis Philologiae et Mercurii ^aUS : JJLa oUJj_« ^J1 jJl ULa Jp Jjj . JJLll 
Z>^ Institutione arithmetica aL5j 4 (j»t * * j»Lp) (Martianus Capella) ALLIS' ^jJLJjli 

Fuat Sezgin, Geschichte des Arabischen Schrift turns, 8 vols. (Leiden: E. : jLlJl IJl^- jkd>\ (V) 

J. Brill, 1967-1982), especially vol. 3: Medizin, pp. 266, 295-297 and 304-307; H. Schipperges, 
«Die Assimilation der Arabischen Medizin durch das Lateinische Mittelalter,» Sudhoff s Archiv 
fur Geschichte der Medizin und der Naturwissenschaften, Bd. 3 (1964), pp. 17-54. 

Studien und Mitteilungen zur Geschichte der : t(R. Creutz) j_J jj S . j 1 oVi — 5 — - SJL -> j 

Benediktiner-Ordens und seiner Zweige, especially vol. 47 (1929), pp. 1-44; vol. 48 (1930), pp. 301- 
324, and vol. 50 (1932), pp. 420-442. 
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(Isodore Les Etymologiae c^LSj 4 (|»o Y 0 /o Y £ o) (Boece) 

(Bede le Venerable) >>1 JU ^ p-- 2 11 ^U*- (^Y'l o) de Seville) 

cJiw oLaJ^Ll aJL* J5 kLoquela per gestum digitorum j! >Jl ^Ul (^VT* 0 o) 

(j*A * £ o) (Alcuin) c^liS" d)li . UlJb ^aj e->L->* j*-L*J ^L-S/l SJlpUJI 

J- 1 '.*' cr* jSll oLaJjII ^ y * j Propositiones ad acuendos juvenes 

jt jJj jAM ^ j JL jCj ci.ll » Jl* A lfl »« «« | Aj JlJLaj JjLm*4 aL J L* m J^>| ^ 

b > yi Ji* oUlj^ aIimmJI ^JjLmJlI a«La JiU ^ jl ^iu»j 

^cJl J— JJL- Sti, JL^J (f.mr Jl _^) <£) (Jean de Tolede) JkJLkJl 

: <a) iJbU iiilSU italic*. Vf£- 

X X 

2z + - + -= 100 

«De aJL~^- JL>J L/tar afoci <1)1 ( \ V ♦ T ) (Fibonacci) CALLS’ 

: If^p jjycJl c j^d t/Ji iuuenis uita reperienda» 

x x 

3x + — + — = 100 

o 0 

cr^ J (^ \ ) Y o) (Clavius) ^ ^ aJIjJI JjLJlI «Ju Jl- Jl>J 4 1 j>tj 
<1)^3 (Guillaume de Malmesbury) j* ^ ^-1p <w ^> - j . aa>-V ^ 

aJNI ^LjlSL J..^. i 11 c-^-U ^ (^ • •Y' o) (Gerbert d’Aurillac) iJLjja j^j-^r 

JlS 1$JLp JaiU SJU^-t oli ilT^j . ^JuVl i-j j* {j* «Abaque» SL~JJ a^jL-J-I 

. (v) oJ ji aaS ^ (apices) 

. (Jean de Seville) J-iyi ^ ^jdlj ciljll IJL* ^ .UjJUdl MU >31 (0 
Baldassare Boncompagni-Ludovisi, Iohannis Hispalensis liber algor ismi de pratica : >J I ( a ) 
arismetrice, Trattati d’aritmetica; II (Roma: Tipografia delle scienze matematiche e fisiche, 1857), 

p. 118. 

Baldassare Boncompagni-Ludovisi, Scritti di Leonardo Pisano . 1: II liber abbaci. II: (1) 
Practica geometric* ed opusculi (Roma: Tipografia delle scienze matematiche e fisiche, 1857-1862), 
vol. I, p. 177. 

>1-3 <Jj> •— 1 > j-i-ll ,ji Cj j-lli I Jj OjjjJl - jl <lLli JLaljci V (V) 

UlvQj ►Lj^- L jJijt ^yj » >1 (JL* > . ^.11 4 il djLUjJojJ- da— <1 jj l^-Lt L*j| iOjL-^I J jljjLl 

Guy Beaujouan, «Etude paleographique sur la «rotation» des chiffres et : l J> J j 4 L2-?-V 
l’emploi des apices du X* au XII C siecle,» Revue d’histoire des sciences, vol. 1 (1948), pp. 301-313. 
De multiplicatione et Diuisione ^ jJl ^ ydu »-*> Jp y? y ^1 (Gerbert) j^j^r <jl 
c-owsVl jcJLjJI ^i-j?jj dJLi <1) jj cJJjil . (Joseph Hispanus) Joseph le Sage jJ cjLjj>J 

. (Abaque) oLJ-l J jIjJ^I jj > ^ 

IV \ 



^ oJ-nJl ^ u>j* (*^-^1 ^ 

^JLil ^j.* *jp j}\ i^LwM^-1 ^-Lp- (jjl t c^L m ». 4 »I OlS* jJLs* ^liJl (j j*i)l ^yA dMi] 

. jA^ai\ Jl 4iU^»l a*-aJI j»li jVl 

p-Ls^lp! j jj I A>-l t ^^jjl j-^-1 crt A<*»^ c^jlS^ t ^AT o jiUJl (_^l j->" i_5^ 

1.4>.^ * w Lj IA 43 A 3 Lo—^l *y W i— * I ^—Lp- ^3 AaAj ^^3 (( a a ^ ^L.1 

o Aj Ap aaJV j-ygj j . j^-l ^*^p- All ajIiSC l ^ g 2 . . ^ a 5 d)lS " j t a-j ^jJI 

j^jj-JLp'_j ^>^1 lp^ L^a>«_> Iaa c^Lw m . ^ 1 4jsJl!£- Lw^y g ^!>LJLl ^ .Ap ^lill <j jJLlI 

! Jl aJ» jA^- iU jlaii 

. ZM j j c Z)zA/7 algorizmi _ 

. (i j ^aik- UlJb-l £jl o A>- yjLY j e j^acJ^j j) Liber Ysagogarum Alchoarismi - 

. (LA) Liber Alchorismi _ 


oli^LuJl ^aAxij (jl ^j.L> 


. (LP) Liber Pulueris _ 

^oUs»jJa>til oAa JajljjJl jJalll cJj-sAjj 

! aJ till AAj jJaJL Sj^S^JJl! 0 j */3*\\ ( j+j 


</0. 


^jaA\ JjVl i>>dl 


/\ 

LA LP 


I 

I 

X 


DA 


LY 

>■11 *A..,a II) 


/ 

/ 

LY 

(I ^AaJI) 


\ 

\ ~ 
\ 

\ 

LY 

(II U^l) 


LY 

(III iA^JI) 


Roshdi Rashed, Entre : ^JaJl ^ 4A)j_* tSy^-j u.y^\ i^AJj-JU jp (A) 

arithmetique et algebre: Recherches sur Vhistoire des mathematiques arabes, collection sciences et 
philosophic arabes (Paris: Les Belles lettres, 1984), pp. 17-29. 

i^ALgJl LaL£ ^yn ym» jlilVIj c_j AA-I ^Jlp JjiaIIj <1> IS" 

. (jJjjAJ \j £»JM AjL^- jlS'UIL jlS^ c y) a ^ A j c tj <. (^jl^JI^L-AI) 

Andre Allard, Muhammad Ibn Musa al- Khwarizmi: : ^ t ^.yall aJu L^yj _ r A (^) 

Le Calcul indien ( algorismus ) , histoire des textes, edition critique , traduction et commentaire des 
plus anciennes versions latines remaniees du XIT siecle (Paris; Namur: [s. n.J, 1992), pp. 1 - 224. 

. AmA J-Uall I Aj jAjT a# JA# ./? ga ( ^ * ) 



4 Jl l-iA ^ ' ^aJIh« ol jA AjtJp jjl Jp |JL>- ZM ^aJl C_3 jfr 

^jP 6 li ^J-iS/l A^Jlll 4 6 Jj>- I J aJpjJo^- ^3 4j ^-P jJl Jp 

: ^ j Qa £cJLaJ £hl SJp J^JLjj (Jj*l\ 

y+ja'+W */a*j (_£ uJl ^jJLdl J**> ^xil »l^ « o U-?- Jj *Ip 3 ^j^.i.ll ajIju _ 

‘° r> V!yJI 

• ( JL>^I J! ol^ kIj'&j £j >- _^l _ 

‘° a) ^^i v l~u ,jj^i\ j^.Vi ji jSja ij\j,y\ _ 

IaJL>J dill Ja^^JL jajLiCu <_£ j*J»| ^-iJji! Jl SjLtVl — 

$ l^joa AjLLlJl {jA j}\ Jp 1 JL^J A3j ydl A-lJ^Ul oL?- jJl 

Jip J^jll j^Ja » 4-J^j^Ul A^JJIj A3 jjL« j^P ^jL*j jl OljLp $j>-J 1 ^>-1 — 

«exitus» j 4( c y) «in» j\ «diuidere per» J-L (Jp ^-~i) (diviser par) «diuidere super» 

. . . . (denominateur) «denominatio» Jjb (^yO 

jIJLpS/I Jp LJLIaj a JL o-h A^L-Sfl oLL^h-U J-*33 Jp ^al!1 

Jp ^pOlJl dJJj-SJ . ^ ^(A^J 4 4-J j-sA> 4 J 4 Ja-> (JJ 4 ^ 4 £^*) Aj>r^->i_*^aJ I 

A-s^li»- aJU^ o jLL*il j 3jL^Jl Jl LpLjI Ajj— lH A^J^Jl j j^«_£LUj jJjcJ oIjLipI 
JjL>-l JL3 jjJL-1 ^1 ^JvL^jL j Jbdl J *p A 1 1 (1 )j^j l)1 -L Nj . Aj^LuJI j^%*^Jl 

Baldassare Boncompagni-Ludovisi, Algoritmi de numero Indorum, Trattati : Jail 0 \ ) 
d’aritmetica; I (Roma: Tipografia delle scienze matematiche e fisiche, 1857); Kurt Vogel, 
Mohammed Ibn Musa Alchwarizmi’s Algorismus: Das Friiheste Lehrbuch zum Rechnen mit 
lndischen Ziffern (Aalen: Otto Zeller Verlagsbuchhandlung, 1963); M. A Youschkevitch, «Uber 
ein Werk des Abu ‘Abdallah Muhammad Ibn Musa al-Huwarizmi al Magusi zur Arithmetik der 
Inder,» in: Schriftenreihe fur Geschichte des Naturwissenschaftlichen Technik und Medizin, Beiheft 
z. 60 Geburtstag v. G. Harig (Leipzig: [n. pb.], 1964), pp. 21-63, and Allard, Ibid. 

James Orchard Halliwell-Phillips, Rara Mathematica (London: : JLp }L# o ^^ aJl LIJjj 
J. W. Parker, 1841), p. 73, note (3). 

LjJli: o- jjilj (University Library Ii. 6.5) it jiaP JL j! t JJJ3 ^ ( \ T) 

* i ^ \ a * Jl t j-L-j L» Jp i JlI t ^JLp ^1 jJl jjJtJl ^ ^JLp (jliJl o ^Lll 

. (R. Thomson) j j-,** ^ . j J LjU- iLJb- JUpI 

Allard, Ibid., p. 1. Or) 

.\\ tT i\y j U \ ^ i a— L jJUoil (U) 

.rr t t nr o ^ ca^l ^ juaii (\o) 

. ■»*. I l L^LjLw* o JL a LmJ (1)1 ^*P ( \ 3) 
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4dA * .L al l JS” «1 a3 • (J * **^* jd^ I*Xa ^ja Li^'bf 

Jp \S 3*^ ^ jlis- <jl W^ j*A-i ij^J * j_^— ■ ^U qm j^il J«/iaJI JLkj J^aJI IJla 

cij-idll (jjj-^Jl J~/>Sfl Jl c-J yVl JL>- jJl £>- Jl AjI Jp ZM J I jJajJl ^ Ll*«lc ol jJo 
olij aJLa A-JJUa> C->IS 4 DA y iljbm i-luV (£ J-S/l ^vaJl jLlpl ^ LicL C 

^jlil ^IJtpVl ^Ja aJI*P J^JLj 6 la" La lift . o^LjJJ laat ^./a>- JLd <_£ 

^j-a ^JlP Jl ( 0 1 W Jul I <*-a\s*£- Aj j L t4 A«JLp (JjU L****^) L^Jl>-I 1^,4 4^j 8 1 « 5^ i^^yujb 
^jJaJl J*^L>- LaJtip J.yaJl <uLiS" Jjt ^iJl c i^^UL-l AJL«^«Jli ^ oL^JL>cl11j 
I pj^l 4—JJJI jl aJ j) > ^^^iJl LjpI Lai.^L) ^j^J^ iJJA Jl ^jp L^las a^sIp cLoJLajl^ 

C Jla-aJLjj . ^ j- 4 ^cr^ 1 4 "'“ 4 CT^i ^dp ^jP Jdil £jd3l AjS/ jLdP^I <jyu 

pMMki ^3 slL* J*ia di IdA^J . Ajj^ j+-0 jLl^S/I AjliS" ^ r . «-s^ 3 -> ^ \ £ £ ^ £ £ ld>- Ja*£ 

(jl d> V dw»> c ( AjIjj ^Jtjjil ^y»j La Ja,«,<alb cj yu ^ LJU ^LLa JL>«j j . £jL^> 

<jJUl 4 J-S'S/I ^JbJl La dip J^jJl A-i^ Jp aWjJI (LA Jl Li”) .i J.^aiil jj5b 

aL^I jf ^oJLL c)La ^J l) jl* ^Jl ^lojjJa Ldl^ d) d)I Jj . jLL ^ l ^p & ai« 
vl l IS! 4 (^^*Lll ^ jjLall ^ « .. a! I j ^ J_a (LP Jlj L/4 Jl <Oj^-jll ((Ax^mJJI 

jj-* ^ Ljb^L-JLP-l ^_^Jl o JL>- jJl A w ,»,o )l 4j| ^Jp Z)v4 Jl (Jl ^Jalj 
i^JLLaill V LJ-I jJLp ^b (jl cL^i La Jl AiU>\ i^y ^ ° J-^Sll 

ji i)yi Jl j ^ lLUS IJLa ^jp LjIp ( j-J 4^jjJl jJ»LJI j^p 4 o jJJl 

A^i Jj>sl3 . aJLaI^ JLA\ j, jP ^j^a 4 (^^>"^1 J » ^a «. l l ^3 LjIp LjI aJ^Lu ^^3 

(Uices) «oLJtdl» y jy^ ^ Jl <^}^i 1180703051492863 : ^juJI U\ Ul j£\ 

[ JLuC**»I ^9 LlAj Ja A^JLj AAjjiaj 4 —aJS/I (^ j3 ^5Ij1 J^mJI JbJbnjJL ^lll j 

Andre Allard, «A Propos d’un algorisme latin de Frankenthal: Une methode de : ( W) 

recherche, » Janus , vol. 45 (1978), pp. 119-141. 

y jLd j£ i^JL# . jj. /a‘ .4 >a (car. 6) Ly Jl y (jwJl y aJUjJI f--b jl j5^Jj 

iLA UZ ^jJaJl JL U^J 4 (car.7) JUdJl y ^JiJl Vl LP j DA US' ^jUL'^flj jU 

. jUdJl ^ *JlJJ (jCuLjaJl 

Allard, Muhammad Ibn Musa al- Khwarizmi: Le Calcul indien : j— Ja Jl ( > A) 

(algorismus), histoire des textes, edition critique, traduction et commentaire des plus anciennes 
versions latines remaniees du XIF siecle , pp. 8, 30 - 31. 

. \ ( ^ y t a— ij jJLs^il O 
. tribus modis : A 4 A y> 4 A-dJ jJUail (X • ) 

^ jfa Jl>. V ,yjj \ (JJjl idJV A^y VI JP JL-S'lzJl D/l il J^idl Ha jl (Y \) 

Jail . ^^il) ^UJl (jL— Jl aJLL J> Jj-aJ! Jp cjjLtL* j-*L Aitll J| ^ 3 1 jJl y j • cJ - ^ 9 ^ *J^*p 

Rashed, Entre arithmetique et algebre: Recherches sur Vhistoire des mathematiques arabes, p. 9. : ^1* 
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(1000 5 ) (1000 4 ) (1000 3 ) (1000 2 ) (1000) 

5 uices 4 uices 3 uices 2 uices 

1 180 703 051 492 863 

j .,<?*. H {jA V &lbices% A^JS LiUjlSj c 5^1 jJJl ^ AJU jlaJl aJLfcj 

: ' > T Viii 

Liber abaci 1\ jL J y& ^1 1 j£La}\ j ^ ATV ^LJl juu (Chasles) JLi 015“ Ljy 

jib 4 ydl yp cbjjjil cy j-iJl J! djt jib ^jbJlJ 

^jjvj ^bjb 015 <jl j-J> cJjLJI jJl t JbLiuj 4^Ju (^ATA) (Libri) ^ j-J 
Liber ysagogarum alchorismi in artem ^*^1-: *T ^ j : >jl_) aJ* j la_£ 

L»JLip VI ZM d (Ji^i-7 ^1 4 dUS j . astronomican in Magistro A compositus 
t L~j ^ja T V 0 lio ^ 5^ j->- y« a^a S o^-wb ^ \ AA ^ ^l*Jl (Nagl) J.pU jbJ 

Jlij . ^ ^<JL£ (^1 jj JLjIj iJl yj 4 ^ \ \ 11T ^L*JJ jJj L* L^—3 j-IpI 

^y2 >- 1 ^ L^w-st" 1 ^/ajJ I 4 k*i ^Jtbi 4 -aj^Jslj j 4 ^ ^ A A ^ LaJ I (Curtze) ^^b 
4^v * . (Yn) ^rr^ oii 

^yaJ jb Jb l-f*3j *^ Y \jliil jJb jy j- JLx .l l J £jLJl <i>>Lail AjIjj C-» jJLI 


Vi) i^L-j^waJl ilxpS/l Jp 4 _ 5 bLJU j--jaJ Lifter abaci Jl ^ Jjj «uices» LJS jt jJ> (Y Y) 

. (*H V J oLilil 

M. Chasles, «Aper$u historique sur 1’origine et le developpement des methodes : jbaJl (Yt) 
en geometrie,» Memoires de Vacademie royale des sciences et belles-lettres de Bruxelles, vol. 11 
(1857), pp. 510-511. 

a!* y* >^aA\ jt Jp «Fonds sorbonnes» Jl y* ^A* ojLiVlj ^^il ol _y*Jl Jju (Y O 
Guillaume Libri, Histoire des sciences j i \ "l Y * A t jJI <^S1 1 LU »Jt : jJiJI t iJU-1 iyb^LJl 
mathematiques en Italie: Depuis la renaissance des lettres jusqu’a la fin du dix-septieme siecle, 
2 vols. (Paris: Renouard, 1938), pp. 47 et 298. 

A. Nagl, «Uber eine Algorismus-Schrift des XII. Jahrhunderts und liber die : j la Jl (Y o) 

Verbreitung der Indisch-Arabischen Rechenkunst und Zahlzeichen im Christ! Abendlande,» 
Zeitschrift fur Mathematik und Physik, Historisch - Literarische Abteilung, Bd. 34 (1889), pp. 129- 
146 and 161-170. 

« terminus post JX-U \ MY* ot t(Fichtenau) £+ <-{£ fi y>«J . J* jJUj* jl 

H. von Fichtenau, «Wolfger von Priifening,» Mitteilungen der Osterreich. Institut : jJa-Jl . quem» 

fur Geschichtsforschung, Bd. 51 (1937), p. 320. 

M. Curtze, «Uber eine Algorismus-Schrift des 12. Jahrhunderts,» Abhandlungen : jJaJI (Yl) 
zur Geschichte der Mathematik, Bd. 8 (1898), pp. 3-27. 

= Paul Tannery, «Sur l’auteur d’un texte algorithmique du douzieme siecle publie : ^JUl (YV) 



Jua-pJ jl 4 j J <«iJJi ^-P *^k «/3,i 4 L >- yA 4 jJj jS A_*_Jp ‘kjyJ^J A*-«^jLJ! aU jJa^xil 

Ai j . (( j J-o l- Jp aJUUj ^Lill (Adelard de Bath) l^L jVal Aplki^L [ciJjll 
Jl SjL^Vl ^ ^.PjJl Jp j t kJJjil oliai/ j*-pjl Jp JtiVl IJL* (Haskins) j5L-U 
. (YA) (Pierre Alphonse) ^ jiJl jLJ c-aJII ^ *y>- ^ jlsI ajLU 

yp (Liber Ysagogarum) LY Jl LpJub ^jJl SilgJLlI ^JL>J jl JJ j iL~-L« jJLj 
J a *mj <CoLSj>»j LY Jl 1JU jl 4 * — ■> j-*Jl Jl A*jj-*Jl ^ jJL*Jl <JL>o| 

. jJLp jljJl j yJl y 

jLl^il ^ ( w* y^.) J/Vl a^I ^iSJI LY Jl (j* i*— J*^ 

De opere ^liS* aJjJU Ala y Cj^aJJ aUISJI A^ljjJli . dUiJU j a^JJ^U jU-Lj jl yJ-Vl 
Jl jj- 4 JaJl L^jlpI k : *^L y_SL> jl j-n^Llp j» yJl c> L> pt Jli cL>L> JV^S/ astrolapsus 
Jp c^J^l Ji t> V-J 11 ^ (jS y IJ Laj)S|j 1 . (Y<0 jVl 

4 o j_*^a_l>J,l Ot-waJl jlj 4 ) \ *1 yjyl51 / JjVl ( j-J j-JLj ( j_4 JjVl £jjJ LwJ 

C_Jyil iJlfc jl jLipI Ja3 . JJSj ^ \ £T ^Ul Jju (JUjlS* Ji 4 f/J JjVl AJcwaJL AlajJl 
IJLa ^1 4 aJJ (JjJjJl lu^kj 4 a-^Jj Jl>-IjJI v Jl^Jl Jl L^jIj>-1 ^ j-*-> a-m-jI^xI* ap y*j£ 

Jl1p j-^ lgji jl 4 y>J A-$->- ♦ j-Lp jUl (J^aII Ja-%**l_^l Jl^^ - 3 4 c_aJ^11 

4^j— jjJJI jLo Jp J ,.,l a <j > AjIS j^^lj • Jl J 

par Curtze,» Bibliotheca Mathematica, vol. 3, no. 5 (1904), reimprime dans: Memoires scientifiques, 
vol. 5,pp. 343-345. 

Charles Homer Haskins, Studies in the History of Mediaeval Science, : Jail (YA) 

(Cambridge, Mass.: Harvard University Press, 1924), p. 24, reprinted (New York: Ungar Pub. 
Co., 1960). 

4 j lS >- j\ JlS (Pierre Alphonse) ( _ r J jiJl jLJ l_— jJI oji t^5L^.Lfc <~J ? yJ SJ^UJl Jpj 

Jose M a . Millas Vallicrosa, «La Aportacion astronomica de Petro Alfonso,» Sefarad , : bJjf 

vol. 3 (1943), p. 83; 

Richard Lemay, «The Hispanic Origin of Our Present Numeral : L», : i LJLCJ. a_» <_i j- 1 -pIj 

Forms, » Viator , vol. 8 (1977), p. 446, note (46). 

. £*j > Jl Ulj- i?Ui>-Ml N All (_$ 

4 (De musicis ac geometricis rationibus) JLy Jl Jl LY Jl g \ Jl tyLSjl ej^i 

Jp ( AiLs<all Libil 4 ■ . ./? ll) y y* A 3 SUp ds Ja>A! Jp y^* ^ 

LY £Jjl lJ JLJ JLpfc ^ i(Curtze) y j J S JLJ J IJ- Jpj c aJ~- Jl oli*>UJl yp <yaiL» oIjLipI 
Andre Allard, «Les Plus anciennes : JaJl .cJJJI y_4 ^jJ-l Vl jLjlpVI HVo j»L»Jl 

versions latines du XII e siecle issues de Parithmetique d’al-Khwarizmi,» (Louvain: 1975), (non publie). 

. De opere astrolapsus _j LSJ ,yajJl y-L J j JL j (B. G. Dickey) |»U Jjj 

B. G. Dickey, «Adelard of Bath: An Examination Based on Heretofore Unexamined : T JaJl 

Manuscripts,)) (Unpublished Thesis, Toronto, University of Toronto, 1982). 



0 *jLs<aJl y cJJjil iJj* LY Jl y y 4-JL*jJl cl jiJL^-l <L^>- 

jJLu yJj . GjyL-i' jl) «Corpus Christi College)) y TAT ik ^k>Jl y (o- j) ^ M 

(_£jJl 4 jLj ya $ A+a ^P 4)»*P Jj it jL*j jt 

aj* y> y-Vl l-U j*U tl yiSjl y oUl aUi)l jl 5 jj jNjI jj5C jl jijjj y 
j^^Jl oUJLk^. jU tdiis Jp Sj^U . (ro f \m f LJl y yjjlyU JjIjJ^I 

oUfcl la ./ 3.4 ^4 Jai JjLLlJ M (gradus 4 minuta tsecunda 4 tercia) LY Jl y iyi Jl 

4 _iJy V (^JlII (gradus, puncti, minutiae, minutiae, minutiarum) {J J t jJJl jL» 

*1 y-l Sjj jJp Jjb I JlA . ^Ai^Jl * — >1 ^JU aJLaaJI <J jJoJL <Jp <J^ 4Jl 

. LY J jujl^T Jt jLj^j 4^jIj jVj! ^Jl yl Jj Jj>- 

jJc* 4 £_J jjl LlSCJI y Jl£ ^ ot (Tannery) ^ ylJ ^-pjt c j» \ \ * £ JLui 

yj . AjjyJl y ojUcL^I ^ j-w*< 4 Sj>-y 4 j^-l lilJj yi>- £yJal! 

a.^j.aII y» 4lyypl yjl iVlO yfc J 7 T J 4-«jyLlJl a * : ,a ll SjLxJL^Vl flJLfc aJJL*! 

jJ jl 4 * jLt_SnJI Ijl^J yJi'l <_£ j_i>JlI ya->«pj J-J> j 4 L— -Llj j^-ij • ^ ' ^22/7 

jl A>«j 4 pjJL-1* 4iJUiS' j fjJtLj jJLo l*-%3j • y olS^jJl 

yo (/) (JjVl «U4 --saJI \£y+A C.~~J jj-ujLj jJ^f 4 ^ ^ y* (//) 4-JLtJl 4 -*-*-naJI 

(//)j (/) ^Jl f JULJ jl j l*.. 3 . JlSLjLj L^JLp Ajj yJlj ^ jJ*-V I oLU^kiJl 
JjVl 4w.^ll ^IjlpS/I lj yp A^Ul c-i j-saJI oLJU-P y * Jjl J IL^j (IJI)j 

kjtj j]a 4 5 j_sAZ>til <UW 2 J! y LkS" 4 La I jj 4 JJ>-|JULa Jj JL>- 4Ja-^ly 4y*j 

: (rT) jUl5 1*1P 

: j^o 4l0>a>fe>10 — a jlS* lil 
a6 = 10[6 - (10 - a)] + (10 - a)(10 - b) 


Otto Neugebauer, «The Astronomical Tables of al-Khwarizmi,» Hist. Filos. Skr . : ^JLJl (T * ) 

Dan . Vid. Selks., vol. 4, no. 2 (1962), pp. 143-145, and Dickey, Ibid., pp. 83-84. 
jLj 1-JL: (f\ ^To ^LJl j yil) (Walcher de Malveme) j ^JJU ji yJl j jt Jl aLAiVl c^jIL .>■ 
tl»jl y ^ j-Moi-l IJL,- jL jt jj^ ijJLLfJl ^UjSn De dracone Jl y S^Lp Jj tyyjl 

j j£l jl yj • (i*jL» jjJ l ^UjSfl Jl>- Jl JjJij) k 4 ^*. 1 1 jj~£S\ jLiu H 4 <«JLhj* 

y yA Jij* y Lfiy Ji j ylla Ji yJlj jt jt De dracone Jl it ^.U J| 5 JjU JuJ^Jl ^jVl 

. yyl jL 

Tannery, «Sur 1’auteur d’un texte algorithmique du douzieme siecle publie par : y I (T \ ) 

Curtze,» p. 344. 

Allard, Muhammad Ibn Musa al~ Khwarizmi: Le Calcul indien (algorismus) , : I (TT ) 

histoire des textes, edition critique t traduction et commentaire des plus anciennes versions latines 
remaniees du XIF siecle , pp. 27, 18-21; 37, 1-15, et 36, 5-7. 
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* i£j>^ bb (//) $ jjc3 j 

I dj£j 4 6 < 10 j a < 10 jli bj 

a6 = 106 - 6(10 - a) = 10a - a(10 - 6) 

^ JJl V j A ^ <j* Jill 4 Sjy JJLlj . Ji Je j^P J jJaJl a-Lft Jupl j 

*1 ^ ^Ip j*j ^L***^-l j^* ^LiJl !+-...« aJl *U jJl ^1 a_ 4 JLs 

J >f*f tJ^V algorisme J* iajjkJl a JL* bJLf JL>J j . JjVl bL^kll J->Uj i^i-p j 
dJUJl j ^JaJl <jlJb < wJlS JlS jjib jl Jl^jl>c1I j* 4 (Salem) ^ ^ t^jaJjil 

Jp j^b |1 4 a > b jii\ j LfJj <^1 LY Jl ,j^ju j£Jj . * ^^y-JLp 

.* ■> r JJU Jp iiJJl ^tl J lilt JLJLJI jUpVL ^ jl y^Jl ^jil 
jl 4l^J Ly> Sbl~ V (//) SJldl fc-JU i^lsM 4 ti >Sfl tt>U j£wj 

< _^3 LsAjI iSjjtJl aJLft JL>rn-> . ^jJUiljl ^jcw 3 Vl e-J >»>r li aJL#jJ 1 (3 jJsil JP i^U j jib 
(Jean de yS^* y-*yjS\—** js jLJL VAlgorismus Vulgaris LS -i j V Algorisme de Salem 
(II) iJliJl Jp fj y>-\ obbj jl JL> / rt) LY Jl cS-Ulj Sacrobosco) 

• ^ pJlP’ Jpj ^jJbV Jj^Sfl Jp J«il J-Jj^Jt jjt Jp JLSilJb Jjj 

Liber Ysagogarum jl j-L* Jl c_l!jil UlfJ C . t pI JaJi iJliJl olt jJaJi- jl j-^p 

ji <uJb L—U 4 UY«a pjy ^tJt aJ otpl ^jJl jl jjjJl j_a j * Alchorismi 

jib pJU 4 «A ^JLniltt I jl* Ljja jib j . «a Magistro A compositus» 4 «A ^JbJLU 

. JJljjJl jsju L^-j 4 ^ : ^ g J (wiijo 

„ * 

jl£ Ijili 4 LmJ ji J] ^jpiil-l l^.i^L^ jy^i (///) Allllll Aju.pib jtcu Lo-Jj 

Jp L^ul (^gyi^ 4 AJltll j Jj^l jT*.«pll jl JjS/l A* . «^a.JJ iUbr oJb J p ^ <> 

ii jhj CU-li Ljil Vl ttf^P ^pljlb iLp Ifl jli jjj 4 jJl ilt«Vlj y/i J l Ja Jjp 

1 jJaJl . ^ ‘j 0 jj ilJL^Vl j— ** jyu j>-lj V J j^>dt v JrLSCIl jl yS- (T^V*) 

M. Cantor, «Uber einen Codex des Klosters Salem, » Zeitschrift fur Mathematik und Physik, 
Bd. 10(1865), p. 5. 

: Jcu\ . i^LJJ jls> dJUl j y Jl j» t a^-J ji JL «algorisme» ^ Jil J UaJ JJ ii JaJl j 

E. G. R. Waters, «A Thirteenth Century Algorism in French Verse,» Isis, vol. 11, no. 35 
(January 1928), pp. 45-84. 

Cantor, Ibid., p. 5, and Maximilian Curtze, Petri Philomeni de Dacia in Algorismum : j la II (VI) 

Vulgarem Johannis de Sacrobosco Commentarius una cum Algorismo ipso. (Copenhague: [n.pb.], 
1897), p. 8. 

Euclide, Les Elements, traduit par F. Peyrard (Paris: [s.n.], : jJaJl i SO_>- jJl ju.i >»-iJ (T*o) 

1819), VII, definition 1. 
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. oUtlk.^4 ULp 4 cJl&S-Vl 4>wS>l J 

J-* J-PLaJI ^ (j-ijJ J^* O.-L l illl iyJ^Ul j^Lsdll j-^jIj j»jJxjj 

4~uLJoj j cJj>- j^# 4*x JlLfc aJUI J J.v3jj,)l L*f . 4^Jl*U ^ L Y ^jA jJl e^Llxjl 

i~j j^Jil L^.ii.$ 11 e-aJj-4 y* Jill I l-jLl£J1 Sj> j«>- jil jJJj ^4 U j-pLp y« ^jlmj jil y» 

jJill jlSip! jlUj . (rA) JLUj| 1JL* yp 4-jjp jJ-J *ly-Sfl (jiClj . ^ \upj) 

<1)1 ^yM 4 jL^>«L l)1 jJLp jllll 0 ijJill y* 4 ^jUl>I JlJU; a JL*J «wi^*_Aj Jbo c ^j/a.lll 
V ^^a^S/1 ^Jp Ijitj * JLlUJl aJLa y« it t Ljl^i l^-yu ^ t jJjUoj V Z.X Jl j-^aJ 
J j\fl 4-plp- ajLp JI>«j Llli viJJe ^ J * 4j j .>«jJl 1 Jjliaj 

(Hermann de jy£. Jl jl» yt JLaipI US’ t dLi Jje ja Jju uJlill JypStl vyliS' y* 

. (n) t y yjl ik^-ljj JJ&I ^JuiiV 4> yt4 Jp DlS' LY Jl ^Jjy* jt Jp Carinthie) 

4jlll1 4w ..^aJl {jA oV yL* £4 Zy Y Jl ( jA (e^ljil) 4jjllll 4 w.. 4>H y* oNj-L* aJP JjUalJj 
. ar> ^L J3 l*~J Jp fyJl ^ijUlil ^ a >-Vl aip, ^jJLiV OyJl ^ yU 
jt jJ j cZ,X Jl y# ^^tJUL^ll ^-«JaJl l>«-plj ^yJl jytill jbjpl IjXaj 

yJl ^Udl JlS* yp 4 -j jp j-ubcJl ya*j jlj ojULaiil 4yJ^UI y L^alL LJLp Ja-J y> 4 ~Ju 


Euclid, Ibid., VII, definition 2 et Inst. Arithm. I, 3. : ^Jall t^judi Jb-udj 

Allard, Ibid., pp. 25-26.. : Laj) Jal\ 

Allard, Ibid., pp. 34-35 \J ^ J^iiJl ilJb wS^. t Jl (rt) 

Menso Folkerts, «Bathius» Geometrie II; Ein Mathematisches Lehrbuch des : ^ la Jl (VV) 
Mittelalters, Boethius; Texte und Abhandlungen zur Geschichte der Exakten Wissenschaften; 
Bd. 9 (Wiesbaden: F. Steiner, 1970), pp. 144-171. 

J jSf! y (Lotharingie) ^jill y tyS' SJbJip »:.^j J j^p ^ y*l il 

. ^*>L».U yp <j jill y* 

Euclide, Ibid., I, axiome 5, propositions I, 9; III, 1, 3, 20, 25, 35, 36; IV, 15, et VI, 2, ( TA ) 

4,9. 

yfil L^- r U yJl vj^JI oL> yjl j ciJ^' j J jMl (Boece) ^ yp Su^i (r^) 

<, t-JlSUl il j-fP yjyVi t (Hermann de Carinthie) yij yil dU y» j (Adelard de Bath) 

Dickey, «Adelard of Bath: An Examination Based on : j-laJl . jN.il j ja sL>- y 4 o^J j 
Heretofore Unexamined Manuscripts, » p. 87. 

. ^ ^ . AA i «u*ii jJUdil ( t * ) 
y U 5 t«que a centris» l^t Jp S yljJl olpU-i yp ^ 4 ^ 4 u* j-Uail (t\) 

. (jy Jl ytill 'j* y *£ Jl y US' «radii» 1^1 Jp j t jU^Jl 

. L.Lc 44 L 1 S l ti-oUl ^uilj (jVil ^uJ J re) rn t Te t T * iSillsJl aJUH ^yji\ (fT) 
Menso Folkerts, «Adelard’s Versions of Euclid’s Elements,» in: C. Burnett, ed., Adelard of : jJUl 
>l/i English Scientist and Arabist of the Early Twelfth Century , Warburg Institute, Surveys 
and Tests; XIV (London: [n. pb.], 1987), pp. 55-88. 



aJcws^JI hjjj lye aS^Ip illjjb 4 dUS Jp « jMp $ jJLp jlill j ylll y o j jjJil j L$LUj 

.^jlUV ajj^SM LyJl y oldl 

Ll3 j*J> 9 yj> Jp c Aj^li l)jj-i ^JI*j c£JJl LY M y { j*+a\jI-\ <_jIi£JI LJ ^l>l jlaJ j 
<l)iJ-* ^yJl a>L~JJ jiS\ ijj j t ( j--j j-ail jLjj cL>L jV^l cJI^pIj aJL^-I 

jSi\ v-jUj-a j! Z>e opere astrolapsus y\sS j-ilj JLil j .LY Jl alJLe] y jliJjll 

c J* • * -uJ-w» J *J yj ji yM gp ? jyfc ji^i 

J jl JU ji jJLll j oJlJLJ De dracone j y jjS\ jLJ Dialogi cum Judaeo jLliSGl cJJLSC 
. ( * ^^LSLLaJl L yjj\ j £- 1 JjlJL^j ii ^ j«- 4 ^ ^LJl d ji y (Walcher de Malverne) 
ljiLx> SJujlp o! jLJ c_iJjil Jp LY Jl y < — >Li5\Jl <_£ y£- <Jajj 

^ oIjLjJI .JL* j*. cJiU; , a#) ijUJl otT^JJ J^ill (LyJl 

^ j t^jjl jiU gjj j-a (Chartres & Oxford) j jJ jLi jw? 

jLJ Corpus Christi College 283 <J» j L >JJ ^ dJU JlS' L^J^UdJ j . ja jNaSl 

JbjJLa Uw? ^ j Ujl>- j ajj^Vi ^-saJI ^ o^>- jll «buht» IaJS t (J -J jjU! 

^-ilj-a jjiw IJiSot j .(Robert de Chester) W: 4"-l ^ i -.~~>- IJ L*j 

tjC^ ®j-*^"^/l A w ^ yl . l l 4 ^ I ^jL*j Afc* ^s/ L aJST Aam^Sj |+— Lp Jp LY Jl 

AjULj Jp JjU ^yJlj JbMajaJl ^ ^>- jil A^LajJl JjlJb>JLJ jJ-Lil jJLsdil J-^tllb 

^j-JjiJl jlu ^UjlaI Jl AiU^Vlj cajLIi)! IJLa j .jV^I aJw? aJLp JjJ U { j~£* 

•— >li5Jl ^ bJLp Jy?* 4 LY {j* (t)j (T) ^jJLa all ^ aj ajA>oS/L 

j-c j-* J «Moses Safardi» c_-_SJLLl) jJif\ jLj ^Jjb ^ y* LY jL ^UjlpNI J_p- 

<1)1 l ^ » * » A.> AAmJ^JI ^jA aJ^^I 4 JjLaLIj • (A^^s*ywil ^**pl 4 ^|^<a t >Vi 

LftLj^jjl ^^ill j a^jj^JI y ol^Ltdl JUJlI I JLa y ^5JJ ! 4i-»L> j^^l o^-L^ai ^^.Ij 
glj ^j-a LY Jl y ^^LJl J,.,/? all ^ •— »l— ciJUJ^ j5Jj Li* 4 J» J-Aj Lo-3 

4 jV^S/ ^JJjL*JI ^ j j .a... X jlj jjjLi ^^Laxy-J ^ iy-jA iJ-^3 . ^y jjl ji^l 


Dickey, Ibid., p. 94. (tV') 

J. H. L. Reuter, «Petrus Alfonsi: An : i-J ja Jlj_Jl iJUk i^l jjJl (it) 

Examination of His Works, Their Scientific Content and Their Background, » (Unpublished 
Thesis, Oxford, St. Hilda’s College, 1975). 

. ( Y ) emulkaam telaug t buht talbuht ttadil <elwazat Jp (i°) 

4**-dl Jp Auct. F. I. 9 4 jJijj Y \ i tBib. Publ. yjLi Id* ^ (it) 

. Y'li (Bib. Naz tjj-jjbj ^ * * ^ (Bib. Nac. *\y^ *Jl oJLfcj aJUIS’ 

Heinrich Suter, «Die Astronomischen Tafeln des Muhammad Ibn Musa al- : j — U it ( i V) 

Khwarizmi in der Bearbeitung des Maslama Ibn Ahmed al-Majriti und der Lateinischen 
Ubersetzung des Athelard von Bath,» Danske Videnskabernes Selskab. Skr., 7 Raekke, Hist, og 

*u* 



LY Jl y <-5CLaJl oUJL^U jl t JUS <Jpj • fj~* j^Jl jLj JLp c-JIp Al^J j 
De opere <uLl J-* ^ <^L jVal L§JLw<jl~J ( _ r iJl dJUu j_p ^ y Ju» JX-JL> 

^1 tL7 Jl y Vepiciclus j jl Vecentricus _> jJ_*ij La-J j t jV-iti t IJlSLaj . astrolapsus 
|%-Lp Jp JlS" cIaL jVil <L)t ^JLpVL 4 l o ^ yH.laj JJ Vl jJL 

a y c-jU (^j^Jl ^ySJLiJl l^ie jJp! ^yJl ( * ^(Trepidation) «jL.iVl j JlJVl» Lj la: * 
jJLlI j J-Ji j t Ll>- 4-J jJLj <_£JLII C^3 ^Jl y t LY Jl y Jj>- jJ j£\ j 

( v^j ^L>*-«J| j»Jlp Jl>o i JjIaIIj . L^laJl lLLIj v oPjI-uxl JLs jJJl jLj l)^ t ^^La!I 0 jjaJL# 

ApJLi Lk_Lj iL7 Jl ^ 4 Lp ^UkJlj { j^j y Jl jLj JJP J j^JI ^JLp ^ j JL«Jl ol j^Jl ^UaJ 
<OJj^ Jp jV^I £-li>l JJl t ^Jajjj>«ll ^ ^jV^I ^UaJ L# Jl>- JJ ^J>-Vl li-A 

^p jJLjj . LT Jl ^-oLJl JlsoaII ^ j^SUIl «Almerith» Jl JLS’tillj y t JLp- j£jb 

*JJJJ-£j cllijl^- l _^J| Olijlill £~yS>*J I 4-W-*. JaJ 1 6 jjb £jA oUjUi J .tSl ^J^sOJL) Jls£ 
V j-pLp j! Jp Jjj <.De opere astrolapsus j-iU j»li ^1 olijUil 
I uJJjl SjIj (JL&»pVIj t^j^LsJl &y^-\ (.LY Jl ^jjI-a^-j 

4 J 3 j la ^ ^^3 ^ j_p- ^il c/ 3 - 5 Cp-M I 

(Hermann de { _^SJjjJUI jL- ^jb c--*J ^-SJ j i jV^I JlI a : J ^ jJVl JlJ-ajJI ^ j jJL~£ j\ 
^ JujJL« ^ j?>jj JlO ^3 Ijj^ Carinthie) 

jl_J c-> Corpus Christi College 283 Jl ^ 3 y ? jll cr » : iill ^ijJl * j-*~i <- ij y\ 
LaJj^« jLipI jjp ^ ^Jl IiJp lIUjJ . JLopI (. j2$ 

SJLp c ^J?li c ^JjJLoVl iJjb ^1 jpJu . ^jJ-kIj L«^3 Uat lLUJl$^j . LY3 

^L^Vl <LspU»-j tLy Jl ^L-yjl J Juj .LY Jl ^ ^ * j-*pLlp 

ajip ol I^L c c^bA jIj ^«S/l <j^ ^Jp c uLLLaJI^ a^jli^JLJ 4^j^LI 

Ja-i>- c_-> Jj>- ^L aIpVI Jl I- 4 V t cillS y % >L s ai j . cJ^l>-Vl i>s-sp|j JLJUj 

F/7av. Afd. (Copenhagen), Bd. 3, no. 1 (1914), 

.ly j fcjSLi vnri 4*^Ji jLkju rt/v ^jLjtt ^jVi s^b Ja^ sik*ii u-aJi 

«Et primus quidem circulus, uerbi gratia ad Satumum, ille dicitur : JLJ! JiLiJi J_p ( £ A) 
quem Satumus spatio triginta annorum contra applanon metitur». 

Dickey, «Adelard of Bath: An Examination Based on Heretofore Unexamined Manus- : Ja^\ 
cripts,»p. 159. 

. aJUI 41~m \* * Jl ^ jl « ^j^Jl KalaL* ilwK \* * J^^- oL-ji A c p».M.ll (1^) 

.LY Jj jVii <jj] O^JI Jji ^ 4 ^r* ^ ti ^ j Jy ~**yry ( 0 * ) 

(B. G. Dickey) ^ISLo y ^1 Li I _J! L-ljjJl y i>»LJl 0 I 4 J! ^5LJl ji*j oLa (oO 
(R. A.> p . j Jl 3^L«JL! j-JLp jUl 0 jJjJl Aj^lUJl J jljJt-| ^jP jJl j~S ^llaj 

Mercier). 



p~JaJl 11 aJ*— bJl ^ <y J^M j- 4 -laj 'y (^JJlj t j» ^ iV j>L*Jl ^jjIj 

• LY Jl ^jA A^pLjJl AP^-«->s-aJJ 4 lb-3 a]^ a3^> 

^yA ^.J^Ls JJk—j Lj<» * * 1 ... a - ll 1 . ^^J | o JLj>- ^J| a^l ^ *<J| (jLs 4 ^JLdj La Jl bLbJ 

!J-Aj) LaJj 'V L^aJl La ^-p ya ^i51 aJUaJJ <. LY Jl y» <LJLiJl A_*-waJl L^aJLaj yJi dJUL> 
tl>liLs<>l (^ ^ylil A.* *.^Jl flJ-Aj . ^j-*Jl yjJL3^ ci->Lj j3 jVJ CjU yLi (s£y* 
®A pL*iU Jl ^vjLj ya ^ *lY * A SJU-^- jJl <J©^Ja_>J,l ^3 LT Jl v-iJlj v->.>m„‘. 7 

ya-Jl cJJya jl •alLbpNl Ijjj^aJiL LJLp J^i . (a Magistro A compositus) 
De aJJj^a y c j yjJLe jjJl j jOb . diJS JLSJj ^cj - ^ ^ ? tt A j -* ^ jJ_>*il 

ijLjJaJl Jp p^L j^Jil j-* j «compositor libri» v yiJl jL_» flJLbJ 4 dracone 
Justf Hi oU jl yp j-P-b iillii' j ? (Dixit Petrus Alphunsus...) a^JLLa y Aoydl 
«ab Euclide in arabico composita j 4 -JJ 3 II 4 <JjL j± j^S/ (III) aa^II y ^jlJUVI 
yjjil y UMlajl AvyJL c r *i5') et ab Adhelardo Bathoniensi in latinum transumpta» 

Ajj-A yp La A jJj p'y^Nl J-3j 4 L*aL*a jJLjj . ^ ^(cL>L j3 jV^S/ Abb> *>L)l JJ A^ 

y <jjc LLJL. jl 4 -L^Ul a^L-JJ y^^jJ I J^l y>j LFJI 

. y j-^aJl 

aJ? jJa_>JJ j -a li jUaJl 4 (Boncompagni) y L-* jJJy LajJLpI yJl a.* Ja.ll JluJ 
4 ^ ° * ^ Liber Alghoarismi de pratica arismetrice yp 4 y^* 4 SJL_>* j_Jl VT 0 ^ 

(Iohannes I L>- jj J| <w — j qui editus a magistro Iohanne Yspalensi ( LA ) 

L?*jJ uL> ^JLp j-a AijLi> aJL- j AjliS’ Hispalensis, Iohannes Limiensis) 

LiLLaJl pj-^ »— > j-^Jl j^ 0 C*.« vg . l l ^1^ | r->" jJ*l J-A I J-A J^j-JiVl Ll>-jjj) 

4 (wiljll JgLlj jiJljj . (j^A ^*P 6ji ^ OjU j 4 L^jJaJl J J <jl P jiJlS’ 

jlip cJi^Ji jji^j urr j^LJi ^ La ukiu ^ 4 L> jjS/i Jp 

^A ^jLwA l J d » ^Jl ^-vjL A-L? jU , I Jl 0 J-A A^jL*-»J-I aJLv ^J l 

«magister Jl l jLil L^l ys> ^ jJl Aij yu> oLL jJLp ^ jJl 

j jiJl ajI-Ju ^ o-jjil a!» j-LJJI a J- a j .(jL^Nl lb >> jj jjbiil) Iohannes Yspalensis» 


.(pry ID -^aJLSV o^JI A^yb (OY) 
Marshall Clagett, «The Medieval Latin Translations from the Arabic of the : j — la — il (of) 
Elements of Euclid, with Special Emphasis of the Versions of Adelard of Bath,» Isis, vol. 44, 
nos. 135-136 (June 1953), p. 36. 

Boncompagni- Ludovisi, Iohannis Hispalensis liber algorismi de pratica arismetrice , (o£) 
pp. 25-93. 


*\AY 



^JLjj JLaLJ* i£ J-** t ^y.iJl ^jjIj v_i_JL5o LpjTj (CmJ 4 ■S^LwaJU jJLs> ^iljJl 

Uijl j* j 4 (Salamanque) L£juJL- it JJU ^1 c Lgjy oVLtl yj . 11 

4 yj y * j yll j «Magister Iohannes» Jl JL5] yp 4 ^^La-U j-Ip £jl ^Jl 0 yJl ya 
Jo-\ J :r ^Vl Ub- jlS” ISJ Hec est arismetica Iohannis de Sacrobosco : jtf jl y*j 

(Jean de y^yjjjSL^ y jt>J 4 ^>L-JLJ jJLp jUJl j yJl y l jut ? yll y5 1 
j yJl jlLa ti j-p ^JUl j Algorismus Vulgaris J ^jL! j-a £jb-a jy y y* Sacrobosco) 
Carmen de algorismo £-l>J (J y* <i jjUj ^ I y U 1>-L>j yLp dJUJl 

(jJb-1 ^UipI Jcp JbJLiJl jJLtl LJLp yyj j . (Alexandre de Ville dieu) yj JJ y 

4 \ o 1 *\ \ it ^tii Jupitj 4 ctUS { J~£* Jpj • »J yJ* jtiJL 4^^-jJl 

(Tolede) ilkJt y ^1 LA Jl jl JLStdl ^t:~J 4 ^Lp jJUl j yJl IA Jb ya 

j yJl y j: $,JLJl oLp j-w>Jil ^jl* y-ll it jJoJJili : ^ \ ^ ^L*J1 Jl _p- 

jl j_w>- pj yaj (Richard de Foumival) JULjjji y jULjj jJLp ^Jlill 

ya JtJt Jp (j yJ- Ly£J j LJUaul y cJUi JLd 4 (Gerard d ’Abbeville) J-y>b 

«Magister Iohannes» i-wva^JLj di 


Lip Ul . <0d> r Uo^ f UJI 


mr r uJi 


ya VT o ^ it jJapil Li Jl olt ^tiS- 6 j-^ J-*' LfcS’ (ll>-y pJLJLO 

aJ*J ^a ljLw>- jLiiUa.ii ^ Li Jl ( y ^iJ^Jl a_*JJ jtiil c— > . ^j-jjL 

^ y^zj • ^ ^Lbj- <OjJL£ <LoS/ 1 Alilij C-JlS" L^JJlj i>“LsA4Jl 4.L U ]! l L^>“JJ 


introductory liber qui et pulueris dicitur in mathematicam disciplinam ( LP) jl y Us* J » 4 ^—>-1 
jl ytu ^ ^Ulj * <JUal 0 Jlp Jp LmajI 4L^4 Jl ^L*j 3 ^t Lia Jp 

^>-jVl Jp^j 4 Z /-<4 JJ U ^ -a i * AiULiS^I tia ^-ipI (^tlj 4 LP 

JllP * . .,a H yj J yJl y la i>j . 4 JLP yJ^Ul jJUaII ya aL>- yu^j t 4 LajJ jJLS"! 

LP Jl y jalijVl |*JL[ iDA Jl y La-^3 . JS' ( y 4-H-jdl aJ^aJI J jtJl iijlia 
jl j . j>v*a-Jl ya Uju Jlj LY Jl y aJL^jJI L^jlj (c_^«L>*i) jL*J| yo Ujb 


j* j\j^- y 0 * (M. T. d’Alvemy) Jjiib .0 >ZA>*H Sjl$Ip iwJJl SjLi^l oju ( 00 ) 
Marie-Therese d’Alverny, translations and Translators,)) in: Robert L. Benson : jt J( . j j^ijS 
and Giles Constable, eds., Renaissance and Renewal in the Twelfth Century (Oxford: Clarendon 
Press, 1982), pp. 458-459. 

. De regimine sanitatis Jl iaJLi. ijlill J--— Jp : JoJl (M) 
Allard, : ^iaJl . \Wo ^UJi y iJjll Ljyj jlp liliy tEnestrom Jbo ijlS” Liut iJu (ov) 

«Les Plus anciennes versions latines du XII C siecle issues de l’arithmetique d’al-Khwarizmi». 
Allard, Muhammad : JaJl . ^jl yjL oUaJl LP j L>4 y IfJLp Ui*aj iitiP iJLalS' i*t 

Ibn Musa al-Khwarlzml : Le Calcul indien (algorismus), histoire des textes, edition critique, 
traduction et commentaire des plus anciennes versions latines remaniees du Xlf siecle , pp. 62-224. 



o~L>-l j l jA LA Jl jlj . ^ Ji! Al£J j c JjS/l <L2jjJfiJl U^jI L^4 Jl 

Jl <_J Uajf >*->) A TT ^ ^ T c*' 5 ^ ^ i/OjL* 2 ^ ^ J* 

SJbJp <l2L.t JL>J USLaj . (oM LP j cjiljll ^JU Ijt JLyJ ^ Lu£)j t(ir j 2M 

:>bjJ j J >uLP Jl j LY JL Ijj ^ LA Jl Jl DA Jl Jl jl J* Jo; 

LlU-i Jp* 4v */3i t J j ^La jJL^xa «iJLi jji t jl ci-wj>sj t jiS"li JlSl 

AajUJI oxmmJI fi ^i>-l Jl Ij^***I_^ ( ^ y+M j.dJj . v? « 1 1 tJi^bjLio j»La)I . ll^JL-s 

V I * A~J-b jjbc; 1^*1 jJL_» L^jlu L«^3 o!jl>- jJI cj j* <*-~p Jp LyJij^ 

. cy yJl L^jjjil (jJu^Jl l-jLJ-L JLCj Lf JtSl ^jlJUJI 

a6 = 106 — 6(10 — a) = 10a — a(10 — 6) : o^5o 6 < 10 j a < 10 : jl S lil 

(JjJliJl <^>LJ-I cJjLlI C LA JL) A*Ja CAjlil^ j-oIaJL» 1$ ■«> tf.i aJu^saJI fi JlA JL>*J j 
:«Jt)l ^jlijjl juLI ^ oVl olj v LJ-lj 

^JLidl)! c-^L«J-l J*JL«J (jyCLvJ iolj^a aJwi LY Jl ( j^a aJLjJI A.w ; »^aJl - 

aj^V^S/I A>wk*jJl (j&j *-** j-*Jl ^ j j ^ ) 1 <— >L^. ^ I c-*j>jaJI 

! L$ 1 a oJL>-l j A_>w~J LaJL>-j aJc^-saJI 6-La ^ I IJLa ^pJUj . j-*Jl A-aJld 

a-p ^^>JJ * iJji V ^X1 j C4 ^Jbdl c-iJb jj* ^t) «a Magistro A compositus» 

j»Li)l jl^«^i/lj ajI ^p S ( j~j jLj j! iL jt LY Jl ( jj» aj a^pLjJI 
^ jJLLJl |Jp^J A*wx JJLgJl Jl J j ialj ^jlll <J J «^a)I ^3 ^jiJlJjll J-A (Jl^pl ^a OjLj^Aj o«L«j 

oJJL ^^Jl ^UlL iJLjd LaUuhl LY Jl ^ aJIi)I J JjSfl jliiwJI - 

^ Ajj-jJl 

Ot^ygJl JlsaJj CftJuS^I A-djjiaj UfcjLlpl Jl (j-* A-jL-J-I L_^lSvJl LaJL>-j - 

‘{Wit jaUl cJu ^1 (al^pSlI J jl 5 tffl Af-lJLil 5^21^11 

(JlSwd yj (<iJLl)l Ax . «^a,)l iLY) j^a ^A^YV Aj^^JaL^tll — 

jali jbU i-Ajil ^ j±-\ ^Ujl JLOl j (ajJLi^JI JLSLiVl) «Toletane figure» ^-pJU' j*U J 

^ (auJUl^JI j»lij^l) ' \dndice figure» ^yJl 


Allard, Muhammad Ibn Musa al-Khwarizmi: Le Calcul indien ( algorismus ) , histoire : Jail ( o A) 

textes, edition critique , traduction et commentaire des plus anciennes versions latines remaniees du 
Xir siecle, p. 87. 


.MY* 'j# l A~dii jJU^ll (o^) 

Boncompagni*Ludovisi, : j k.Jl . De multiplicatione digitorum interse jl j :. p c^-J- (1 * ) 

lohannis Hispalensis liber algorismi de pratica arismetrice, p. 97. 

. j+jt JlI aJLa ^jA l l*if» U^jI Jail 

. X& y ** Jl *£■ l IJla ^a j-iUJl JsAaJI Jail ^LijSfl J y>- (^^) 



4-U yla_£ l$J j-aJLS' LA Jl J-P jj^ujL £jA \ 0 £ “1 ^ 4 J 3 jJa^xil oJLa^-l — 

• f jXL« S oJLaj 4 ^ \ \ 0 ^ j \ ^ iY (jyUJ! yj U 4JLI2JJ? ^ cu-iS" 

4J_p cijLcdl ojLjlpI jlj (L^y |*JLaII) «Magister Iohannes» j-a L/i ^JJj_a jl 

*! JiJ jl>* ^A* (Ji^l yA Ui' 4l>h*^ .il y^JLa^J ^ j ~JLa jLipI ll>-y® 

J L7 Jl ^VpJ li JLLa J^JL» (_£jL»^Jl <— ^jA iujjJl j+&\L* Jl ( J^L»,J 3 y>- J _ 

.LAM Jllll 

(1) fl » «S/ 1 A.Ua.^Ug ^3 Vjl >A* . 

olt jWl jl I Sj^Ul £jU yll . <nv) (f U 0 Y _ \ \ Y 0 ) (Reymond) 

iUjVl olS 4.1 L».l ]g ll jS/l y>o i^UuVl 4y>- jJ J_P iJlS jl eJjjll IJla Jl 
i jA JS” Ijj^ <woJ 4 4_*Jy *>U| jnj ./3 ll n ) <*_*-**>- Ju$S[l Jpj 4 4 4 Jj-*aJ| oLliJlj 

j j.S’ ^LcJL^I Jboj . (Magister Iohannes) pJL*llj (Magister A) A ^JLaII 

tj— Jt»^/l Ll>*j-JJ jLjj L - > l-{ J^l Jl^>»l (jOjj-*II (j^*j-dl (j-a t^^ujJJail 

lL> jJLLsIj j 4 ^ jruLlj-a-j j-^-aj jl 1 » « ...j V t 4 y>-jj 1 lall jyiJjil 

J^>dl y* ^jUl j «Magister Iohannes» -L^aJL o j yd I eJLpL^j (Avendauth) 

y I y^Jl JljjJJ 4-Jy^Jl 4^“ yJL ^JfcL>» Ji 4 <LUa.*U» y I jy5\j jl 

CjLL> jJa>eil ySLJO ft j5^S (^JJl t kJjjJLlil 4jyA ^15 J^JLj Jbo JLS^Lo ^lj 

. oil) I j yiS/l JA ^UaJLL? ^ 4lali| ySJ J tiyJLi» 4^1 OJ^Ul 

4 Ua.l L> (jilp (^JJl 3 jb y ^LaI yl J^-Jl cJ yJLaJl 4jt J Juj 4 IpUI 4^ yill 

cyL^Ll yp Lftli ^JL2ll .° 0) f \ N A* . Ui* S^iiJl Jt^ 

^yJl lLI-Ij 4^JLi 4-Ajj-lflJ 4jy|jJl j+& C-^LS” j-^1 y° (U j-^Jl C^dJL^Jl 

(j* j-^Jl <_i y^JLlU ^ Commentaire des Saintes Lois) ^u-JL2ll £jlj-iJl j: ... dJ Lajl>J 

4P-Lw«JJ oJbjj Aj y£- 1^ »*+A > OJLiil aAa y JL>oj . Oyb-9 C j^^LaII 

dl ^lA, jb ^JJI JLliill IJla t JiVl Jp WILIS' ^ylJjU Jua jJUdl Ji3 aJUi 

(Iohannes Avendauth) ^ jJiil jj _^p J ill yj J? JaJLil- 1 4 ^ yJ LJ > yil a JL a (IT) 

: ^ LIS’ tuiJl jjlSL-U oLjl Ul^ LaIjLjI ^yJl iJjiLiJlj .(Iohannes Hispalensis) L^-yj 

Alvemy, «Translations and Translators,» pp. 444-445. 

4 4jj*aSI iiLdllL j£L LUiaI 1 aJy» ^ JLj ^ yjjS^Jll ^juajjil y» tJL>-l jl J (*1^) 

. 4j:> yj.1 IjUal* Ua>-i yS\ jU Dialogi cum Judaeo Jl JSLlI j 
Marie-Therese d’ Alvemy, «Notes sur les traductions medievales d’Avicenne,» : J^\ (1 0 
Archives d’histoire doctrinale et litteraire du moyett age, vol. 19 (1952), pp. 339-358. 

Marie-Therese d’ Alverny, «Avendauth?,» in: Homenaje a Millas- Vallicrosa, 2 vols. : ; 1 a ;l ( "l 0 ) 
(Barcelona: Consejo Superior de Investigaciones Cientiflcas, 1954-1956), vol. 1, pp. 19-43. 



<LolSN <J dJjh j-fiaj j . aJLLS j^P j^Llp 

j»Uaj ^ fUai ^ 4 ^ j^ill ii jl- 1 ^ 

A-la jJa-?»ii ^ ^-LaiU J LY oLU jJsl^ A--~J 4 <LJLj JL>*Jj . j-fJ! |t-jj-illl 

J* t ISJ . ^ V> JljXll 4J* y Jp 4 ^^ ^1 jl£jUJl ^ Y \ A *1 4^LJ*>U1 

Ail jjp- j! 4 eJ J J*-* 4-^li (JIa^pI JL» 4 I Ll>-Jj jA 4 I JlA #L |*-LJlI® jLipI 

a- 1 j^ jJ (Platon de Tivoli) JjJ-jJI d <Jl (JJLaI ^JlJI (Jean David) O-Jb jL>- 
j^ill ^jxSl ojLipI ^ V . OA) ^ >-Sll ^>^1 U^a v b£) 

Z/>4 £ja 4jliJl p— «uaJl (JjliaJ U j£‘$j O*^ j . lU-o< ^1 oL?* jJ ij/a » i 

jwLj cLUJJ . (A pJLftll ^Llb) LY ^jA II iJliJI a w.^ll ^ aJ^Laj jau (Ij^-^j ^-1*11 

c_fi j-^J-udl jA L->j JLLs! jA ^jjJL^ail J-A J_>-l <jl ^^1 yA 1 ^ w . ..la.il 

4 \ \ A * j \ U ‘ <jy»UJI 'j-j AU aJJg ^ ^Ip (^JJl ^ jb j»UI^I 45^ _^JI 

j Au^aj^ ^L^-JLII ! jl J upL^w# L->jJLlSS/ jli' j . (^jiLiU ^j-Lyj i jj >\ 1 IJLa 

Li^^_» j-a j 4 pJLdU j (Gundissalinus) (Domingo Gondisalvo) jJJlj-jJLi j_p 

fljlA JuStl ! j . AJJaJJ? ^ ^IjJLjLSsJI ^ I j..^aP J-P jtS’ ^paJLlaJl 

aJLUJJ^ ^ £»bxil (wAjJijI ^ ®(jb- ^JlnilM ^^Jp Jb ^JLic ^ J ^ JlS'Ljl 4 <U-S^ ylJl 


: jJajl . o! L j*i I j^-Ji jJLp j A^bJl ol _^-Jl L^J I jJLp L5J (*\1) 

Paul Tannery, «Sur la division du temps en instants au moyen age,» Bibliotheca Mathematica, 
vol. 3, no. 4 (1905), reimprime dans: Memoires scientifiques> vol. 5, pp. 346-347. 

{jA Lib ^Jp LlJV I y\ LjJI aJuh JjL» y* (J y V jl L»1 JLflljuj 

Edward Stewart. Kennedy, «A1-Khwarizmi on the Jewish Calendars : 

Scripta Mathematica, vol. 27, no. 1 (June 1964), pp. 55-59, reprinted in: Edward Stewart Kennedy 
[et al], Studies in the Islamic Exact Sciences (Beirut: American University of Beirut, c 1983). 

«Liber Algazelis de summe theorice philosophic translatus a Magistro Iohanne et D. (*IV) 
archidiacono in Toleto de arabico in latinum». 

Alvemy, «Avendauth? ,» p. 40, et. C. Sanchez- Albomoz, «Observaciones a unas : J^\ 

paginas de Lemay sobre los traductores Toledanos,» Cuadernos de Historia de Espana, vols. 41- 
42 (1965), p. 323, note (49). 

Richard Lemay, : jJoJl S l yk* U^UjJI bJLa jLa yj hj (R. Lemay) ^L» jJ. j (*\A) 
«Dans l’Espagne du XII* siecle: Les Traductions de Farabe au latin,» Annales, economies, 
societes, civilisations, vol. 18, no. 4 (juillet-aout 1963), pp. 647-654. 

jl Lj y (Jean de Seville) L>-^j ^y ( j*J- Libs' i JU1I Ujb ^ c— J* bj y>r cjLJ» y Sjlp 

- j-JUL* yoj?-* JLij . ^ jjb ^jL iJ j yS\ (Sisnando Davidiz) ^jJlJL jJJl:... dJ j_£JU LjI ^jl>- 

. Aijk Jl oJla JS' (C. Sanchez-Albornoz) yjy$\ 
: >1 (1^) 


Alvemy, Ibid., pp. 19-43. 



(A v_3 3 LaII jJb ISI) djjJLLll jLlpI Ll£) j . ^ ^Jl aJL^I J^^ 

a_p ^->J,! J^lS* jt jjo jj-^Jj Ly Jl <*»•/* 1,1 

. ]claa a**JL*j ojoL* LY ^ja a»*p L^J l 


JLS'Vl jJ till Jp JJjJl jl1\ ^>li*Jl Jl j-v^jlp cJU^j 
J Ju . Ly Jl q a ^jSlI ^.^all ^IJ-pI ^ A-lJ^Jl ^jj I £iJ j^J Ajj^-*Jl ^ jJjJLS 

£jA i JLftj ^4 ^ AAiLJll (J 3 S/I Jp) AJLi^bll j-s^ajJl » i <jl Jp JjA^-I j*&'*.n ll l«Jjfc 

JL*pV ajlJ^III jii 1 Ijl>- cJi jjp ^yJl J^Lm> jS/I ^ ojlpI jJ ( jJJ i— aL~p- 

^j^}\ J ((1) AIV 4 J j*£>Sl 1 ) 5JL>- jJl jjp Cbl JbJL>«l3l 4-ilnt Iwa^uLi lils . 

J^Jl liiLJl <--.!- 7*>U I (JL*-pVl *■ j j-ill 

juj^JI J Jl SJ jJdl ^Jdil JUj>S/ JjVi oU .yj| 

Ajcj-saJI ^ Ojl jJl JbJb^llI J^P A3Jb J jjiLa LY Jl {j* l^Jl oLviLl AjUl A>c**jJl ^ ^ la x ll 

Ijl^J byjij N dJLJ^ <jjJL ^^iJlj 4 ci->L j$ j'y^S/ LJLp JjMI 4 — l J^\JI 

4 ((2) 4 VII cJ^m^SIO I- 4 oJ-p Ju JL>xJL> J jJL<Cj L«^3 4 L^..» a > ajjLaII JiSjpj . e-Dj^il 

DA Jl ^3 olJbJu>«Jl j! ^ y+ 0 jj jJLj L*»Lj 4 ^ \ ... aJ P ^jJl LajLIu 4 *JalS Jb^Jtu 

’ ^ (vr) ^ ' 

<>fc^jJl t jS> JjLxw jJ l 4 ISI 4 lupllflT.^ljj . ij p * 5jiL^ Z/P Jlj Z,y4 Jlj 

. «A jJUiU Jl Aj^-Jilj LyJl ^ «Sj>]jJLI» ik-Jl ciJ >4 4^J\5 ^1 ^JlJi)Jl 

lJUb jjp 3 jJl J^llp m ) LY Jl ^ $ 11 oU l L .^al oJ->- j-4 j» J_A jj 

aJUoJI ( a>- jxdl ajjIjJI J-p aJIjJI) «hebes» 4 oL*J^J! L y&- xj . . Jlj— Jl 

A3 jJtil Jllj j^p oLJLSJl oJla j . (VJ) aJUj ^Jl «Agrimensores» JJ ^jlaJI jlJ.ai. 1 I 
JUpV ^*>LJJ yLp jUl j jiJl ^ jj» JJ {j* a3jja11j 4«obtusus» £ ^riji Jlp illJJI 
oLJKlI ja fji j£$ *jj ^ LY Jl ^4 ^JLLfll p— ill ^ j . A^jj-*Jl Jl 11 jJLil ^-Uil 
(jUl 0 j-ill ^3 ( ^JlJLsl ^jA A ^lJ*>Lll ^wJl ^3 6 j J j>- j^a C-Jlj La ^Jl 2JbJL*Jl A-jjjJl 
4 63U-I ajjIjJI Jp Jjb t _ 5 Jl «oxigonius» Ji4 t oUi^Jl < jJl>u JUjcl-I ( j£3 j .^^JLp 


Juan Francisco Rivera, «Nuevos datos sobre los traductores Gundisalvo y Juan : ^JaJl (V * ) 
Hispano,» Al-Andalus, vol. 31 (Summer 1966), pp. 267-280. 

jl Jl»-\jj (Tolede) iJLlaJLl u^. { ^ ^V*lj \ \*IY jj^LJl ojlap oUUjI a Jlc- tJJjil Ji>JL 

. (b>-jj jJL*ll ^1) «Magister Iohannes» ^1 j jJLjP ^U-ii sjlp 
jJJI^jJL j_e Z)e unitate et uno ujLlS’ ^ . Unitas est qua dicitur omnis res una (V ^ ) 

. Unitas est qua unaquaeque res dicitur esse una : JjU»^ A-i Jb t (Domingo Gondisalvo) 
Numerus est multitudo ex unitatibus composita. (Vt ) 

Numerus est unitatum collectio. (VT 1 ) 

. ( . ^ JjVl j jJill) 4 (Frontin) jlij y6 Liber gromaticus Jl ^ c t aJKII j^a3 (V O 
H. L. L. Busard, The First Latin Translation of : ^ SjljlJI oUL5Jl ol^ a^jV j^Ja; (Vo) 


nAv 



lLYM * — jl J JL t «Agrimensores» Jl oLJL5 y-T cJl 5 yJ j 

(£j~* Liy*il oJ-A -UlU> 4 Oy*JL SyLaJl ^y J-Jlfl d->L?“ y (_£-L>-Ij ^JIp ^J-P jlS' jjj 

jL®yJ 4jy*Ljj ^ > ^a l l jJ-P jl 4 jNil <L^yO ^Lil3 jJUj yJl 4 LJllJl OtwaJl ^J.P 

M yJl JjVl otwaJli 4 (Gerard de Cremone) bj^jZ j* jlyJ L»j 
jl <iJUS J-p . (vn> «acutangulus» SjL_p ^ y*a S^LLl ojljJL) ti yL? ^ L^iJy® J-»JL£ 

^1 J-^-V 1 Li Ju L Y Jl y® fiS^l^ll# LJllJl 4 -L^aJI ^y ^y-JU^Jl yajJl y« aJUJLP e-ly>-l 

ydlyJj yP y*U# jl JLS'Jj jIj . yJlJl3^/ OyJl oil] I A» ^../a ll S^y>- jil 

pJLp J_p jlS" 4^jJUit Jl o-~J U jSi ^JJl 4 (Domingo Gondisalvo) 

Lifor j Li yc* jlS” jLS'tiJL 4J-5LJ j . oyJl lfl.:« : yaj yJuiil JL*pSf l® oiJV L^* y> 

. (^yjjl yLl b j£j jl #<— >L$3l» IJL^J < j5Laj Vj) (yjjl yLl cyLS” ^l) Algorismi 

De diuisione oLlS’ y« jJL«jl® J-saJ y * j-Sa L®JUlp L>»-U>l j jlS JL ii 

IJLaj) i Liber Algorismi yip J-p tfij 4 ylilyJLyP jlS' .^^philosophic 

l LA Jl j Z)^4 Jl y ^ y>- ^il OjLj yA oLL-jJl cL y t-Uy- (Z/^4 Jl jl yLP yiUaj 

^1 oJL>- y!l y-JiJ cUy- Uy V J L-JJ'^Ul y yjulil Jllp yA ^JL*J| ^ y$jL® 

L>4 Jl y® Aw^Jl JoJU oJLLp (^JJl J| .A a)I £® 4(_£ jU**> Lo^ 4 yilyj Kjy-A^Jl jy^5® 
4 jLl5” ^ ®SJL>- jJ|B J aJU JL^- jl [*£ . jJLil bs jJi JL>-1 j-A j ^JJaJLlaJl oJdtaJl 

uuy 4 (V ^ Jl>a LjJl jiaJl) (JLy-p yl) J jj^S* yl Ji iyi cS-LJl 4 De imitate et tino 
Li Ui»l . ytJlJjl ol/* y JLJL^> y® dJJjLS ^ j LY Jl y® ollJl ll JbJL^- y® I JL>- 
j®li yJl fSjijz JJ olJ^l L>* yJl De diuisione philosophiae ajIiS" y 4 LJJi 

olifaw-J aS yJLil oJLSil 4 1 j^\ j . ^ ^ by±jjS jl j+?r ^ \ ^ * ^LJI ^1 y*- 

LsAjI La^JL*- yJl (^JLfll j ^liJl) «Destructio» Jl j «Constructio» Jl ^Mill LY Jl 

SJ^Ml yillyJL yp LpyJ Lii yuo-J . ^^De imitate et uno ajIiS" y yJlyJb yP yiuyj^ 
Liber Jl y lJJu >- j L* lil »y yLL^J yJ ^ ^y _^-_p Lij^kj o’>L^l JLo-pI 

Euclid’s Elements Commonly Ascribed to Adelard of Bath, Pont. Institute of Mediaeval Studies, = 
Studies and Texts; LXXIV (Toronto: [n. pb.], 1983), pp. 391-396. 

.ru y i<~Ju jjLaii (vn) 

L. Baur, «Dominicus Gundissalinus. De divisione philosophies, » Beitrage zur : ^Jail (VV) 

Geschichte der Philosophie der Mittelalters , Bd. 4, nos. 2-3 (1903), p. 91. 

C. Kren, «Gundissalimus Dominicus,» in: Dictionary of Scientific Biography, : jJaJl (VA) 

18 vols. (New York: Scribner, 1970-1990), vol. 5, p. 592. 

«Sed destructio rei non est aliud quam separatio formae a materia» : Jj US' (V<\) 

(P. L. LXIII, col. 1075). 

Lemay, «Dans l’Espagne du XII* siecle: Les Traductions de l’arabe au latin,» 

= pp. 658-659, 

nAA 


: J»\ (A0 



a_o oJUJLp ol I j (cJJjll jjh jJJij^Ju j_p jl5 JL>> ^i) c Ysagogarum 
^L*Jl Jl QJT Jj LA J J LY Ji Ajll^ (1)1 <J jA Jl Jp AjjUlla Jj')!.} SJlP ll*3jj_j . 4-JwjV ^ 

. jXit JA oyll akJU» JaJjt ^ntr 


\ A<\ TV 5Js> jJaJxil ^3 o3 j_>- ^il LY Jl y» (HI) AJu-waJl ( j- 4 A-Lj^ JLpxJ Llj£J j 
(/) ^.s L^Llij L*_p ^ yjs j_> i_ i 1 : ^-j L-J jJ JJ JL 7 j-_a S JL-_>* jJl 

SJUJlp aJJL«Ij ^-Ulita L15 <J*-*>* c aJUI A^^voJl ^^3 i£ y jl 1 *Jp J$3 • (//)j 

J5CJJ iJUjjJl j»lijVl aajLJI oUx-«jJ1 L^JjLaJ ^yiJl lUJL“ ( j-p- 

4j1jLj ^ \ \ £ ) ^L«J1 ^ LJt~J Jl (Pierre le Venerable) y _^ll jL> yu J a 1.^2; a 
. iJLj- e-l^Vl Jp J j^xJ L~J ?(1 )j-«jj ^ j aJJiJJs oLs^ ^ill aS* _^>> 

oJijl Oj£i Ji ^yJl) JJ-> A^jJ-a { y A^wwJ A-w>»jjll J-P A-w(jij (Jj >L ^JJL ^II 

(^) \ T Y j \ * AA ^^aLp jji j3 jl>- j-p jAI (Wells) J-Ljjj <JjIj c-i-L^l L$JJ 
t (Laon) jj'b/ al» J- a JJ Ljjj S^j^Jlj c 'Ljy^\ j^Ls^ill y> <_$* *La-*^1 Jpj C-^jJl 

^ aJJ! Ji 0 <_$jJl Quaestiones naturales ajLlS' ^ jJL£ ^ c ol j- 4 j JL*j 
Jjl jl Jj>- 1 jJLi jj3 ( j_a JJxJLj LY Jl III A * « lli ? <Ljj-*Jl A b 1 ... 1 1 AA^sili- A 2 la** a 
0j-^oJ^l JJ ^La-iA*yi IJla 3 • A>«^>fc^aJl ^ j_L*JL JjJ_>- ^LoJlaI ^jS> L^j jA { ^y 3 
^aljj ^jJl JaliaaxJVl 1 Jl-A A-wkjJU Jallaaxjl cJj ^ylJl ol y~A\ c A^jj^Jl A^^JjJI 

Vj .(|»1HV) (Anselme) ^ILJI Slij j (^ \\ T) (Pierre Abelard) j%! jL ojLj ^-a 
«Tegemsee» jy c^!)LJJ jJLp ^^lil OjiJl ^y tj 4 ^ oJl5 ^1 t jiaii ot 

*_j! jJl * >LlSCJ1 yA J-P ^ t A_>^\jJl A^_> Lw-A- 1 twJL^Jl p-LJLLwwIj c y~-^~ |i t j > g .* 1 1 

oLlJj-a J c A-w—aJ ^-urfljJLl jlJJlp (jlyaj AjajJapxil ej-& ^y3 Jj >- jjj . AixJLl^ 1 1 jilil 
De ^ aJJI aLt la c-jIi 53 J^w«)/1 L^jj l^ j»i a^- ^J l : 1^ a^SUA 

^JLp JJ Ji-Jil») Introductorium ad astrologiam c^LiiLlj c Receptionibus 
a_L> jJa_>til ^3 Lsi-jl J->-jj JJl (Zael) j_JLj J g «*» 1 ( a. ». * .«_> ^>\J l *^i j •/a-’Li j-^0 


De _ll (M. Alonso) j. .,^,..1 jS\ . ^ j (Pierre Duhem) ^ : aj* jL-j j (B. Haureau) jj . e-> \jS\± 
De processione mundi Jlj t ^ jJJLjS/ Z)e artinta Jl immortalitate animae 

De Mj t (Hugues de St. Victor j) qljUJ De ortu scientiarum Jlj c yjjj£S\ JL. De essentiis Jl j 

. (Ibn Gabirol) J j^jLp unitate et mo 

...oportet nos ab ipsius artis elementis principium : (JLJLlJIj JjS/I :.JQ LY (A\) 

sumentes ad tempora et motus coequeua quidem gradatime ascendere. 

...oportet Gallos ad ipsius artis elementa in duobus existenciae motibus : (aJUI ^---l l) LY 
scilicet et temporibus coequeua quidem gradatim ascendere. 

Dickey, «Adelard of Bath: An Examination Based on Heretofore Unexamined : ^1 (AT) 
Manuscripts, » p. 303. 



J V jJ yy» Uaylojl J_>«J jJLj ^jjl JajP V— JL>- JJj . (I 4 w : ^jl) MTY • \ 

(^Jlsdl) il J-jjf Jjj 4 OyjjS Jl j! If- j»lS JJjjU L*£JUJl JjlJL>- 

4 j-s^LaJI .JujJ / Ar) y>L^JJ ^JLp ^U-l j>Jl ^ ^ ^jlJU}! 

^ (jUl JJ ^ JJU I J+?~\ OjjS’ill iU jJsJxil jl ^ IjJlStj JJ oLj^flj 

^4 ^ jL*-J 'y 4 \ ) *1 Aj \ \ *\V (jy-LiJl L« JJ 1 wlai j) ^JLp (jliJl 

L ^?j > /3\\ \ j! . IflUS’L ^ 4 + * J l oj j$\ j . LJaJ L Ul ^yJl oLj> jiJl 

JjjS/l p-Lil 1^-iJjll W jJ £• ^yj>yi oL^I Ox-Jj J^JJ Ljjj^xj ^lll 

1%-f-Sf 4 ^laJL-mII 4^«JLxJ i ^Lj VL® j Jt+fr 0 j^ll jjX^ 

«<«> c^-AJHp ^jJl p^f-jjcjti JJ 1 { . ij A^«JLaJ 1 oliJjil aJLfc AJt? JZj 0 jj»jAj jJ 

/ A ^iya^LaJ OUJ $A AJUli - 1 ^ 


V LJ-I JJ V-T^UI ol^kJI ^ ptfjSfl :UU 

fiJ-A JJ oLjlJ^ . ciJUi 4 -«La oj^ii! <L. «« »MJl j-sAjJl oLjjJLs£> A-**\j£ l)J 

pUjS/i ^IJLpxI— kIj jJLI obi .ill JjIj! J^JtJ ya-ll oJLa 0 j£ 1 

^yA 4^3 lJ jjJl Ijj ^JlJl J j-Jl IJLft £ j Jt+S' jliil jyJl ^4 e-l JlLjI jjJl 

jzij~r J! * yu <_jJl (An> «Apices» J1 j «Abaque» Jl ol jal 1^4 JuJ ^1 ioL-J-l J j ^ 
ij J >- 1 j i J j-i j»lijl jj-j j_»d1 ^ Ji»dJ jS/l oJ^JI jU- Jul ) j . <AV) (Gerbert) 
L iSy LS ^>1 JJilj . iL> ijiii *j jJLi tiUl j_^JI 11* t (AA> « jL*Jl» f lijl I 4 J JlL 


Folkerts, «Bat hiiis » Geometrie II; Ein Mathematisches Lehrbuch des Mittelalters. : Jail (AY - ) 

. \ £ - A y# i <~Ju jJLyail (At) 

Alvcmy, translations and Translators, » p. 440. : JJ y y* (As) 

Juan Vemet, «La Ciencia en el Islam y Occidente,» in: : j JaJl i J. Vemet <1)1 <- — 

Settimane XII: L’Occidente e V Islam nell Alto Medioevo (Spoleto: [n. pb], 1965), p. 568, reprinted 
in: Juan Vemet, Estudios sobre Historia de la Ciencia Medieval (Barcelona/Bellaterra: [n. pb.], 
1979), pp. 21 - 60. 

j\ (Apices) JLli l^.lp l] j>cZ SJU-pt oli : 1 OjjJoJ iJlJb i-*l — >- iil «Abaque» Jl (A*l) 

. <p^ht^a \ I ilJLpVl y J.to'T « ol jS 

Beaujouan, «Etudepaleographique : Jail jL* jlill j JJl JJ oVUjoVI oJla ^p (AV) 

sur la «rotation» des chifTres et l’emploi des apices du X* au XII* siecle,» pp. 303-313. 

David Eugene Smith and Louis : ^ Sjlp (AA) 

Charles Karpinski, The Hindu- Arabic Numerals (Boston; London: Ginn and Co., 1911), and 
Solomon Gandz, «The Origin of the GhuBr Numerals, or the Arabian Abacus and the Articuli,» 
Isis, vol. 16, no. 49 (1931), p. 393. 



\ jjji jAvaJl aJLJL* <Jl>ol ^ 4JLL2JLL jjz 

JL^Vl L jfi> (j, y£- <LiJVUl oltjJapJtl ^ Lji^U<2j ^jill j*L5 jS/l julpj 

; ^ \jUl JjJli-l jJp JysA>J 1 ULL- 0 J^SUII 
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(a) Cambridge, Univ. Lib. Ii.6.5. (C) 
(c) Munchen, Clm 18927 (O) 

(e) Genova, Bib. Univ. £ lU 28 (G) 
(g) Paris, Bib. Nat. lat 16208 (P) 

(i) Admont, Stiftsbib. frg. 4 


(b) Wien, Oster. Nationalbib.275 (V) 
(d) Mnnchen, dm 13021 (M) 

(f) Milano, Ambr. A 3 sup. (A) 

(h) Oxford, Bod. Lib. Lyell 52 (1) 


Gonzalo Menendez Pidal, «Los Illamados numerales arabes en Occidente,» : j la j\ (A^) 

Boletin de la Real Academia de la Historia , vol. 145 (1959), p. 188. 

^ ^ 1 1 dAjjLJJl® jL^pVI V LjL — ^ LojjJl ^l5jVl S^JL» 

jJLs- jjaJl {j* S J>-\A\ JjttjJl ^ VI jJLp (jliJl OjJiil {j* oils jL 

jl jtfjil .(Valence) ^Vlij (Aragon) ^Jil jls> — ll j 

c->l sLl pJLp I j >- I ^jJUI jL^Vl ^ jIa {j* JjSM J-p jJL* jlill o ^iJl JL* c-J ^ JuJLigJl 

A. Labarta and C. Barcelo, Numeros y cifras en los documentos arabigohispanos : jlill . ^ jjl _p*JU 
(Cordoba: [n. pb.], 1988). 

(tijVl JJU |i j . <^»U* j^>-\ ( j^S t iSjJl ,j£a\ Iaj aJ jJLj* jVl ( ^ • ) 

ojjfc o lilts' jjioj fS\ Lm>»IjJ j^Joj . Ujjjp- ^ JLS'IiKj (Jlji V OjJbUaJl 

Andre Allard, «L’Epoque d’Adelard de Bath et les chiffires arabes dans les manuscrits : ^ t 
latins d’arithmetique,» in: Burnett, ed., Adelard of Bath: An English Scientist and Arabist of the 
Early Twelfth Century, pp. 37-43. 







B 

B 

3 

4 

5 

6 

7 

8 

9 

0 

(a) 

0 0 




K 

El 


a 

V 

4 


0 

(b) | 

9 


□ 

H 

B 


□ 

B 

m 

& 

9 

0 

(c) g 



B 


□ 

□ 

m 

n 

B 

4 

0 

(d) " 


□ 


B 

□ 

□ 

a 

U 

$ 

B 

0 

(e) 




B 

0 

□ 

□ 

mmi 

a 


0 

(f) 


□ 



M 


a 

SWEM 

s 

a 

0 

(g) 




B 

m 

a 

a 


g 

? 

d 

GO 2 

<4 


i 

z 

2. 

as 

9* 

M 

<r 

V A 

8 

9 

0 

O') | 


x 



-Jk 

4 


<» 

ft 4 

9 

9 

d 

(j) 25 

CQ 


1 

f 


K 

9* 

H 


a* <?• 

'V 

$ 

9 

0 

GO 


X 

2 

3 

pr 

8 


a 

\> 0 
A 

S 

9 

o 



X 

? 


% 


G 

^ A 
*7 

8 

$ 

-0- 

(1) 


X 

P 


/ 


<7 

V 

9 

9 



(a) Oxford, Bod. Lib. Selden sup. 26 (E) 
(c) Oxford, Bod. Lib. Lyell 52 G) 

(e) Paris, Bib. Nat. lat. 7359 (N) 

(g) Paris, Bib. Maz. 3642 (M) 

(i) Erfurt, Amplon. Qu 355 (A) 

(k) Salamanca, Bib. Univ. 2338 (S) 


(b) Milano, Ambr. M 28 sup. (B) 

(d) Vaticano, Bib. Ap. Reg. lat. 1285 (T) 
(0 Paris, Bib. Nat lat. 15461 (P) 

(h) Paris, Bib. Nat. lat. 16202 (U) 

Q) Dresden, Sachs. Landesbib. C 80 (D) 
G) Vaticano, Bib. Ap. Pal. lat. 1393 (L) 
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«Toletane figure» 4Ua ; tlg J jl JL>- 
«Indice figure» 

(Tables astro nomiques ) 4*£LU1 JjljUL-l 










! ^jISj ^ o Ja yz>*j& jl 

A-jUSOl <LJ* y jjhj Jl LPj LAj LY j DA Jl y flijVl y> Jjl^iJl *jju - 
iulisa) J^JJ ^tiJl jl* U*. j>*Jl Jl jl~Jl ^ 4 ->LiS3L» J^> jS^i\ M~J1 jlp 

c^JlS ^ISj'b/l y*** jl Jp JJjJ! LA J! y s>*-> US’ DA Jl y Jl>*j _ 

. (oUJjll a Ja 4jIiS" y A j) 4p 

yili\ Lj E uy^ jJa->*ll y ^JiJLiiJl A^jj_*Jl a.^JLJl Jj c-j jil <JlX-il Jj >- yj _ 

4j1 Jp ^^-^1 IJa Jl jJalll .LP Jj LA Jl y» 4JO%a Ak^»/> Jp j L 

<lJ oJbJ t dlta JP *>U^ai . LoJi jJLS! i) jXJL* jJUal jl ^ — ^l*Jl Jp Ljlj JU 

^ (2/V.^Jl jLaJtJl y* LgJldlJ ^y A^llSJl 4>-l yJ ^Jtll Q>lj^* yfl. ll ^ y*0 yi 

UkJl? SflSUbT *!>U^ 17 Jl y £JUJl 5^J1 Jp 6yJ- yi\ O *]* jja>*il *jJ. _ 

. ajJli^JI ^p 

^lijl Jl^-JI y* jJIj j-> Ja-dl3^ oils* jJa_>JJ jl ^lO-J IJl^Aj 

olaJjll ^-JLp jlill j yi\ y JjVl « — a-s-ajJl J*>J>- c_j y Jl LOUIS'! ^1 ciUbj 

y> X^SH 1 oil? jJaJxil oJla ^IaJLjI y |t-P jJL 1 J-a . e->Lw*J-l ^_Lp jt ^J-U-aJI |*JLp ls* 
1J_a y& A^jjX}\ ol ^-jjllJl (J y *JL* y> jt-P jJl Jpj c_->L**J-l® 4*jjP j .va-> 

A-OjtJJl oLs^jjJl Jjlj ^jJjlJIj ^jUJLiJI u->L-^1 

(JL^-JjVI aJ-A oJlSj . LY JJ ^j^/l ll jsIjLp} y tc— >L^J-1 ^-s^l j-^ 

Jp 4 Jl^P C-?L*-«^*1 -1. * J O y JULA ■» V (J^l ^jf 3 t *1 j_^^ l ./? J Jl>- 

y y£- jl J^j A^Jj-*Jl ^ jJ^Jl j-s^llP Jp 4^ ^iJl 0 J-A *1 ^J>~l ^»P ^J| 

y jjJalJl iJlA Ju^* JLij . 5i? jjL>* 11 oil? jJaj>»il y 4_>jIp Jaj>-^ll ^J-oJl 

Lemay, «The I Jajl 4 ^— <j ^ ty-j ZX& ^Juj ( _ J i!l tijJaJl «Jla (^^) 

Hispanic Origin of Our Present Numeral Forms, » pp. 435-462. 

(j-*A j cjjjjiil) N 1 ^jj LF JJ (— y$ jLj jjX> l^lf- ^ >iJl 4 ^^1 

jliiT y> y JL>- jjj .LP Jl Sj-JlI OjI^j ji tZ/^4 JJ ( Jla.Ua.il ll >“ jjj JljI^ 01>«j 

Guy Beaujouan, «The Transformation of the : y t L-jlJ y~S\ JL^LjL Ij-S’Jo c^UjVl ys> 
Quadrivium,» in: Benson and Constable, eds.. Renaissance and Renewal in the Twelfth Century , 
pp. 469-470. 

y C«La a jJlJLj l-LJSI 1 £-« <*'Aa «et he sunt figure in quibus est ilia diuersitas» JJUJL-1 (^Y) 
Allard, Muhammad Ibn Musa al-Khwarizml : Le Calcul : ^JaJl . ^Ju^^LS" y» IXy jJl 2 U j U 4 .1 1 
( algor ismus ) , histoire des textes, edition critique, traduction et commentaire des plus 
anciennes versions la tines remaniees du Xlf siecle. p. 1. 

nr 



jf 1 j * . Ja.« iwm > ^1 ) ^L5jS/! U! jjI iiLjfc jL* ^La^pVI j£>-jjil u^*"*"*. 

i?rj* Jl iUUaJLJl JlSLiVl Jjt ^ Lu^- cJ*±\ \JSUj . ( W (il ^ j£iJ ifwli; 
. Xlk.JLW JjlJb- Jj JlijjJl 4^ jJ (j^l jJl ^ jfJLSl fjA * J ^ jjfrlaJl ^JlP 

c*> jaJI ^ja o j*pj ^sL-l <i> jj, • ItHJ 

t-jL-J-l |*ip 

jJLp jliJl o j2]\ ^ 4-J~j>Ul ^y> j^aJl jl Jp 4 <_il j J5woj c L> ^yJl j-s^>L*Jl J Jj 

(Jj ^jjJl lUJ^ <Jjlj jW 4 . i l 4— « k/ 9 jXJ Ji 4 C^i ^ * <> “ >,, i > 1 

JUl jjJl . ■> jiiil cJj-Jl J-s^Sfl Ju^liJl J£LiJ ^1 ^*>liJl 

: ( \ . U) J£jJI >JI 4 JUl JjjJ-l jULfcll I i* J 1 y*UiJl oi^Uilj v-L-SlI 


((AY* Jlj*-) ^LJ-I ji-U 


^jULSiJl V UU pi* 


AjJLIaJ LlJV <U.j<j» JjT 


DA 




JU 

JjU JJ jVjI __ % N. ^ 


J* Jjjxil) 


X 

s \ 

' \ 


LY 


LY 


(iyrjii Xi^l) (JjVl IwJl) 


x (LY ^LJI) 
\ 

\ 

\ 

\ 

\ 

\ LY 
(3JU1I <UL.soll 

(YjSlIjiJUjp) 

0 . Wpjj JSUJI 


LA 

(JklkJl L^jj) 


LP 


^ LY 

(tiUI i^oil) 
(UJ) 


l)j£j jl jjJalll iJLfc ( yA <iAju LY Jl CjU? jJsl^- ^ jj^Jil (jliil J^-iJl (^V*) 

• O* 


*m 



« i 4 .« «A3 6 j^S"kXLl I ^ y.*/ 3 m*S 1 J^l va . 4 aJ L«ow4 (J j^j Ijl^Jb^ 

£jl>- SjiU £z-y*aZ ^«jjl j-kJJ SJLjLhJI ^>*1 ^1 jt LJ jJa^- I^J. IJL*A-*-J ili^J aJL^Ji! aJLft j 
IJla ^ ji>*J LjSf DA Jl ^Jp ^kLS a*^! jl *y (£ j>~] Sj-^j) hDA J! 
d\ jl^Lji jis^L . jlU: ijja < — >L+~*p- ^JL*J 'r' U - 1 ^ 1 

«alchoarismus» jt «alchorismus» : jJLp jliil j jiJl ^ c^aJLkLx! ^yJl aJUI oUiCIi 
j! c «alchorismus» j\ iLY Jl jp <Jlill AiwaJJ SJL>- ^Jl oli» jk>» ll jl ^ip ^ Si ^11 j 
(j j-*Jl v^iJJil J-p J Ju i. LA Jl jl jJLp ^ Si jj>- jilj «algorismus» jl t «alghoarismus» 
aJL**< j$\ I tt^jLL^Jl c^>LmJ-I^ jJL % jji ^ oUl^JI oJLa c-Jl5j . llll j jJaJl 

o jlJLSjJI 4 oJauS/l c j a ya Hj o^mjJI ^UjVl (J Lo- » - i *.«< I ^p a^jlJl! aJi^_*JI kL^k-l 

^jkxil jl ^ jJU jlill JujtiJL Jslii^Vl JL*ti)L j «abaque» JU 

jL^jjLJJl ^LiSCa ^ «Palatin 1393» aJ> j-kJi- ^ Si j^>- jll ai.>t $ Jl o^-jJl ^ LP JU 
J^vaidL a-*s> jP JL*-i : aJLJJ oJla ^UajL jUx ^— j jUkLa . (Incipit algorismus) 

a tt la ‘-^}-‘ jj* ‘ ( U V^ A ) 7 ) ;i*jj 

OJj) .Vl Ij-A o A J ^ oi y. ^ 7" j 

lLP ^ (jjr^J LYj LA Jl ^ aJjISj Jj • <dlla-4 5jLaI li (JlaaJL lil^t^l jlS^ 
AjI^ j jJL j Z/^4 Jl < j- ,a Ulak A YY J LJ 4 «Lp t tJj jlaJl 

jJl iJl&j i (Sy *" I j - 4 * SiJ3^ j^p A-lai-^ jJI e-iJ^ll j! ^1 jj j 

IJla LJjb c ^juJI ^1 ci« ■»* ^-ULSil * * SpIjJ Jj|^ jl (^ JJl jAiM ^j-4 
JjL^ j 4 ^JLp Jill! j j-aJ! JuJj ^ jjljil -^h 1 * j-r^ u^>“ ^ 

c ^i Sijl jJl aJJL^VI jt aJj! <Ja_>-^L» plJLjl ^ Llaj . « g ll c^>l..,««.A»l 

^jp I ^ * 1 Uli ll iljpS/l ^Jp ajjL^-I oLL^Jl ^jp 4 4-juj^\Jl j . */»,"*. ll 


^nr . Wj c<-J: jjuki : Jz\ (M) 

.m . s\r ^ <.a~Jl jj~A\ (<{c>) 

. J j~.\.a jJyxo JaSi U^J j Z-,^4 Jl jJUaj jl LP Jl jl jJp i ^^/l 1^1 t (^l-^l Ikj ( ^*^) 

Similiter etiam idem est superioribus quod de diuisione docet dicens, (HV) 

. \*1A & <Ljj jJUall ! ^kl ■ (®o^p! btj Lm 4...ti ...all ^jp «j 4aJLiu L«0 

Ih^ajj . (_^IS^JL^JIj t^^UajVlj ^t^^cjlj^llj 1 ^^Jl ji jb->j t ^Ujl^aJI jjj • J^ 4 
Kushyar Ibn Labban, Principles of Hindu : ^JaJl . ^JUpI ^_jJI o ^ j^Jjil <>• <il-^l 

Reckoning, translated by Martin Levey and Marvin Petruct (Madison, Wis.: University of 
Wisconsin Press, 1965), 

. ( \ ^*1V jAj* /jbt) (s yfcUll) SjijjJl oil? jla>ill SLf i ^ a jjLj jl-Lj<-^ Jb^l 4 jLa>- aJ ^aJ! 

Abu al-Hassan Ahmed Ibn Ibrahim al-Uqlfdisf, The Arithmetic of al-Uqlidisi, english : LaJ ^kl 
translation by Ahmad S. Saidan (Dordrecht, Boston: D. Reidel, 1978), 

.(o _ V ^jP C LiL- 43j_ydl oUjlL 4 >«jV JL>- y) 



Jl ^j-P 4 JjT ^3 4 *S SJUJLP 4ll>al 4 

*J_P ^ 4-J^*Jl j-saJI ^ HlaVl <H1 j jl ftjjh JL>*J V Ll£J J . <LoL*Jlj 

£. p ^ ^ It 

^ |i> / ? V 1 ^ /3..<i-) I Vl 4 1^1 l jll /^o~3 . I ^ > l o < 9 l «i<^ J 4_dJjL^tLl^ ^^aJI «« J»1 

<JJLol ^p H t aJ^L aaaj jjtS^Vl oLl«-*JL Jjl*-Xj Lo-*i Jj>VI 4 ^j«jjIj^cJJ 

(1) j^j jl JLh-aIaaJ Vl LIpj . l Jupj ( J^‘ c A, ,,r3Za* k^j jlaj dl jji 4 JaJii 

^•1 ^pxis*<Uj j aJLLcII) V L .»-^iwxl JiVl oLL»-*JJ c— <w? JLi o jJLL« aj-JV ^jw? <JjI 
j^aJ IjlSCa j . I g“l* ^lll oUt^Jl LfcJl>Jj ^ j_*J t (J-AjI IoIa-S* *SJj*1s>A <dJL«l Gj-^4 
l ^ a *> 4JL> jJaJLj L^ji*Aj ^^lil (3 jJ^Jl jL*1p 1 jr^^i • (JJ-lll ^Li11a>»V I {Jl Ljca-1 

{^jjJl dl^il ( j* 5\*A jJr j\ jJwL^a Jb^Jto) Oj^L/? (3 jJ^ Jfc43 C-> j-*Jl j J^i^il 

<w1Ll£ J^Ul ^p 4-a^jjJ jl jJl {J-^ ll* • 4 ^ 1 * « ^ M (3 ^1*JI ^ $ 1 aaxI ^Ul JjVI 

AaI-^-P CJ15 4 (_£ j_>4 oLJU-P ( j*J ( J~* J . 4-JnaJV-5Ij AaJj-*J! oLaJjil ^ j-JLa 
Li* 4 ^Ls^Vl ^j^ju {J-^ <^3 jl^L ,L a 9 ^-lJ! ^3 4->c_aj>t »,/3 1 1 ^IapVI <*— * 

JSCaJ! ^ L5 iJu^Jl a 1 a ^1 mLtm Jip 2)^ Jl 

: 0 * °J,UI (Y . \Y) 


7 

6 

2 

9 i 
8 8 

4 2 2 

I 

/ 1 

2 1 4 

✓ 

2 1 

2 - 


7 

6 

4 

2 


✓ ^ 
✓ x 
, ^ / 


6 

4 

8 


// 
/ / 
/ / 


s' 

1 " 


4 

6 


4 


/; 

/ / 
/ / 

/ / 

/ / 

/ / 

^ j 


2 -" 1 

or. n) ^ J 5 L 111 


. ^ -^^^l jd* J-aA]I 14a ^ Z)yi Jl JP (J$l (Jy V Lil ^aP (^^) 

Allard, Ibid., pp. 9 - 10. : Jail 0 * • ) 



jJ (jjj-*Jl v— aJjJJ 01 4-J*J^Lll y *& « ll 4-wJjJ ^j_4 ^. V .. " -~j jl 

OIOia Oj-^j J3_^ . 4_oL*Jl j^^idl ^p 4 j j l». J l j ^..»^Jl L^J^-I . l *y3-i 

<, 4*ul«J| j ^ ~»S3J ^yj ij^i! JusaaII Ji-13 Jl>cj LJj 3j 4 L5j^>- lla,l,«>-l jj j ^w-SOl ^y» OLp ^J l 
jj-^J! Ji Jlj^Vl ikJjj \ | J <>p Jill cL- LPj L^J LYj DA Jl 

LPj LAj DA Jl <J Y jj Jbo UJ <ip L. y> j Y° ^ o' J* J to:.Jl 

t ^>-Vl olijjil ( y& (J j ^aj c i^jiJj-a JS^ ^ Jj>*j 4 ! Jpj • LY Jl ^^3 L^jIj 

^3 ^yO. jI .^3 J-l flJL^J V ij 4 Ju-W-Jl Lft j.A *& A ^jS> 4*jLLa LajLjLpI *)1 ^2jL^a,>- 

4 ^i^JL| Jp Ij^A ^yA LaLlaj LA Jl ^3 «X>*J |jl^g3 . -XaI ^- jJl ^yA 4P ^*fe>tll 

Jl L:.:-JI jj-JGI r -3:l ^-LL. ^lUjj J w) r^ |j Aj £ J US' 

Lk5 4 (( jj _5G1 ^ja L^Uaj 1 -sAjI L y>jju <i£Jj 4 . . . (uJljJ) olllUj OljJj JJL33 

oLUjil t jp <L5lJjl 4 fl-Lfe ^.q.11 J? ^3 ^ jj 01 L~-Lpj . (' ^ £ j “• . ^ ^ c-j j-s^> ^ 

AiJiiJ ^Isl^^JI Ojj-iil 4 JJ 3 ^*Jj J^Jtu La3j^-j d^jliJlj 4 LP Jl 4 _*^L >>j ^j^-VI 

4 ^ * *^L^jMJI «algorismes» Jl oliJj^ Jl^ ^a cJL^* <y>j* olilj^ SJIp ^ cJJJiS' 
3 ^JLj jJii L_ft ^yA . y*~S \ Jl %yy*p ^3 JL>*1 jJl 3 J^P ^ J~t ^ >A 0 . All 1 -LaL*>» 

U j\ (J j-^jaJl ^A3 j ^1 <— jL-taJ -1 |%0p ^3 ‘Ul-j V (jL^-pV 4 jL*JJ ^X>t3 

lJub JjLa 3jJ_) Ji LjT . (j» ^Jl Is j j*l\ 4^j-»Jl oliJjil ^Js ilJiA jJz* J j-sA3 ^j) ^j-P' 

<■ — j jP- i^j^Jl Jl ^3 4Ja5ls 43 Jj 43j-s^^il (^jjJaJl c-«-fcO ^1 

aJU-Ij J»Lo- 1 A >1 J5 J j .^3 dll oJlA 01 ^p^SvjJl ( Jj> y~JU ^jJ>x-jj . ^ajjl^pJL) On^"^ 

J j^ajJl aJLa A^jIjJj l .j3.»a V I ^4 V Z)v4 Jl 4j^I>d! SJL>- jJl ^Ll^vJJ 6 1 
L>t-silj ^aju jJj*xU < u jiJl SJLpU 0} . 4^23 Ll Lj^Sl 4 t^jiijil 1 -La ^3 

JLLP oJLpLdJl 0 J_A ^-P J_»^ 4 4. ^J 1 ^ j-saJI La t _^-Jl A-^3 ^-jLJ| a^l ^ *tJl 

. LP Jl j LA S\j LY Jl <^sS ^ OJU 43 j-s^> ^ SJLpliJl cJlAj i ((jLLsAj'JI SJLpU)) ^jjl 

' ^ |J jJJ L f *-£> jJl jJbi-L) 4 4 (jJLCa l^...A3 


I4LP ^J>>cJ ^jS-^S (jl Lfl^- jJa^sII ilJ-f-SlLt ^y& j *JlJ i C^jLs^Jl 01 ^Jl 0^ (J - ^^ 

^jJij 4 r»n , xr Ji ^ sjiiJij JjSii jb^Ji j^iJi j ^i iijpS/i 

.M j ^ * i ^LPJI Jlj cT*£ j i»*\ v ^JuL7JI iJUJl 
iJbk Jl LY Jl 0>ii Vj 40 hj-^I Jl ^ Jlj Jl LA Jl j DA Jl <LjJ a Jut jJ^I (\ * O 

. JljJl 

Allard, Ibid., pp. 146-148. : jiajl (> « Y) 

Jl LaJL>-j c(<j* JlsO jJl j— j ^>-) «et» 4 -o-L^j ^/a n . i l ^.^ju ^UaJl IJlA ^3 Sjj5jlll jj— ^ ll Joj^j 

. yiidi aj^uji jj-iJi jfp iii.1 

>1 O *r) 

>1 (^•o 
>1 (^»0) 


Allard, Ibid., pp. 158-159. 

Al-Uqlidisi, The Arithmetic of al-Uqlidisi , pp. 60-63. 
Allard, Ibid., pp. 59-61 et 206-224. 



■ jLLm!>I h+0) 4 jLLn^^I {jA bJ-P £*>s-saJ 1 iJL*Jl J*3 o jJJjil £j^~ 

3J-«J| ^Jp Q T ***** * ^ JLkJI jj L>- AjJlJUJ! j^>Jsl ILi jIj 0 -L*j Lo^3 
oldl j ol jJL*Jl j o!jl>- jJI d)I jl*_j L. : .» (1 ) jj-jLujj . fl^LjLb ^jSLJl® jj-SCj ^ ^ 1 

4 bl 4 ^j-A 4*tjLJl oJL>- jJl (jlj LajLwK 4-P jil _^LL^Vl 3JLP Si i3 .*^2 > ^jUj \ £ \ £ iJbJl 
Jl * 3 £ \ £ 3-L*Jl Juj-^> j*JL» JL*_> X 3*X-«Jl jJJ- ll 3JL*Jl 

ibbjj (_^l 4 ^-*^>1 yA bit /* ^4 4—d. l ^* yJ^J X 1 A & * == 1 * X Mi I aJIiJI 4jJj Ij 

(Jj! Jp <J ^-*.a 11 |t—*J l«X^Aj 4 Lib** 4 P jLa-s^S/I *i~LP s-,4-./3) ^jA (JaJL>1 

: ^iy^\ jJJJ <> J>m^JU lULJIj^ Ijl£aj ...V X Ai* \°Xi' 

. \° X £' o* 7/ XI' 7 ' 


JJ^ Jl Jju of (L7 J| j j3 jXJ j) LP Jl y LA Jl yS JLj Jib 

^Ulj XoX • JJL* c jJLp ^1 jl V • jl X * l^->- j jl^->-l LiSLk-t 4 

Jl ^ 4 JLfU Lk^-S J . \ * Jl \ ^j_4 ^UjVl J-P (J* Aj-LSli 

slLb Jl aJLaJLa AAjjJoj jlll jy+~£ ^jP aJL>~. 4 Jl jiaj La-1->-j 

4 C !>^^1 ^V^JI ^ytt: tt: y:' ^jlJi jUlpI ou 

jJl^-j ! 1 j_JL*Jl ^ t^jjjii s— jbc^L> x l Jp Jjb U 4X 3Jl*JJ j-d-Jl jlll 

v^jjJl Oyjjil (_5-U QJLp*.: .,.* 4 C.wJb 46 ^ApI 4-s^ jjjtil ((jUL/j^/I oJLpU)) d)I 
I ^ t J^' oJlpldjl a JL^J lalxJl ll jt-jJLAj ij&tuy . ^^1^11 jJ-UJl (1) jill 

(a.lO nA: )" 


j>IjlpI Jl ul^JJ ky n 


1 

4 CL n = ■ 


10 k 


JJJji 1-^dS" ilLil ( y*£jy . jJLp j+~£ L^i>- v^jjlJl 11 a JiL* (Sj^:J 

J| jljJa-s^^fl <l)j^ j—*^U (_5 j JLwJl JJUjJI Jp (J jjtljll u-3^*j <j^>- (^ll ^*dl «Aj-^- 
4 JI ^y+0 ^il ( y£' <L*J \j ^3 Jm^I j j J-dJj . j*mS Jl aIj-^- 

J 4 ^' jIj-4— JJ 4-J9 L>- ftjj ., Ajy ^>- J-Sbll ljJL*Jl J J »«. $ Jl 

jt (^oAo) (Stevin) J tzij* ^ J ^ 0 X JIjj>-) uvljl 

JjSh ^y^Jl JJ^ Jl bL^l 4 01^)11, d jlIlxJ J .(^ro *) (Bonfils) 

^ La JL>«J ^jlJl 4 SJLpli» o\ 1 * J j! o'iL-JJ _ r !Le- (jliil j jJLlI ^ 

^ i^jjl l^iM eiJ>. J SU o/i Ji 1 4 Z.P Jlj L/4 Jl j Z-y Jl 


Aut si hoc facere uolueris, denominabis illud quod remanserit scilicet quota pars sit 0 * *0 
illius numeri per quem diuidis, 

. (j^Jb ff~A\ 3J*J1 -c*J 3 JL 4 U -yt ^Ul JaJ 4CJLi lil ji#) 
Rashed, Entre : ^1 US' ci^^Ul ^ in ; +aj Hrr^Jl ‘^LJl Jlj^-Jl iiw? jS 1 ( \ *V) 
arithmetique et algebre: Recherches sur Vhistoire des mathematiques arabes, p. 121. 

.Mo . VT ^ 44 -i; jJU-1! O * A) 



flJL >-j LA JL a-/>UM jl^Vl ^ 3 jl jj . u : ?Jl jj— ^ J l Jp oii\ t— 11 a ^LJl 
(jj-P JJ ^ L J^t 4— ^»<J JJ ( jlAjUa— a U^.jJUa-* jt £-*) LP Jl ^j-P A— 5L*Jlj 

(Jjb Jb£3 . ^ \ tV ^IaJI Jl y- l^ilt t _^Jl AilL aj JJallaJl L>-jj Jj AjjJodl jj— ^ JJ 

Aj\ y> ^_p jJl Jp «lUj ja j jJjL^ jlJUJ { y>\£ju\ Jp ^t Jlw? 1 jlSlJ Jp j^S/l 11 a 

uLp ^ ^3 . I ^ « A Jl 3^/ 1 ^J p A— ^Jj 4 jt j » «i«» l l J— 3 j) J j . i - £J| od_A ^J-4 ^1 

. ilLll fiJiA li *— j V jJl jlj— JJ 

pip ^ ^jjljiM oUJj-4 e^Sl! j-P j -~-«J J l jIjXj' cij-^ l 1 * — j 

«—aJj^JL 1 d)j** jJb Jpj t v— >UJjil a jla <1)1 ^jA JlS'IjJI l— J^S/I ^^p j . »— >1—1-1 
*■ * - - “*• £ jLw^ll jJ*»S f OJUJl Oj-aJ! ^ ^3 (j£j— < £TJ**i ^ j j-l^-J I—— jj 1 i* Jl^— *-» 4 4 -». « -fl.t 

Solis’ olijil dJu ^ . jJLp jliJl j jiJl Ja— «l jl oUJj^ ijLi Jit oUJjA O j-fb 
Carmen de >LlS' j (Jean de Sacrobosco) j_$L— » j_>j j3 jUL Algorismus Vulgaris 

Liber »— A zS L*ojI JJJJlS' j 4 (Alexandre de Ville dieu) yjs J-J j* jJH— XN algorismo 
<-~~j L>-l jj Jit 015 l Jla <— >L5Jl jt y* p-* ji\ Jp) (Fibonacci) <^-£01; j— D >4foici 
OjjN I JJaJ ( JP aJIII CjLa jJLnil C-»l jJO-LIj j^i vail ^ji ■ 1 1 Aj>«— 1j j ♦ (aIj j . w -s /9 

ll^jt lil 4iwJLill algorismes Jl <_£ ji>*l J >^a a* j jjLLa JJl ^ JL> V 4 <jjaJI 
(>* ci >>-t jt aJL®-p ^ cr e\ jJ-l ^ A-pli- 4 c_^»Lp jl 4 jj-sop- ol . C-Jjlll jj* uy^ 

Jl <«— j JL r t j^Uail <JL J| L jl Lo c-^l zS £ yA Ju>L>«.i» .«.> 4 <-jl— oLUjJI 

Jl bln^lj (n ° Lrri Ull oJla IS^kJU .°*%b5jl 11 a <JLLu ^Ul jUl 

La Jlj I J^lau ^yJl oLiljll ^ilj^ JL^JL>lIj LL^3 4 t< a\\ ^IJLpSfl ^jl cIaP i-lja 

•>VI Jl ip* J 5 

j.— hp ^jLJl LJ jl I APj-^3* 1 ^ ««« ^ 1 ^j—oLdll oOa ^ j . ^ < U > j^«jj 

: * " ' ^^j LJU- i3 j jxll j (j jl^JI ^L*>JlJ a— * ^^11 3^LJJ ^JLp oJUl j 
. ( ^Lp jlill j jlU J jSfl 4 1^:11) Dixit Algorizmi (DA) 

. (j» \ \ £ T j»U]| Jl y-) Liber Ysagogarum Alchorismi (LY) 

S. R. Benedict, : jJaJl t (Benedict) objl JjLLj UL^LM *1* 1 l 4 j.il— « ^ (^ • ^) 

«Comparative Study of Early Treatises Introducing into Europe the Hindu Art of Reckoning, » 
(Thesis, University of Michigan, 1984); 

Allard, «A Propos : JH>\ . -Jl VI • jjk^L l «^ijjLl IJL> ^ l*y jll ;jl»JjJI j 

d’un algorisme latin de Frankenthal: Une methode de recherche, » pp. 119 - 141. 

. J-aJI Uu y T* 4>JLa}\ Jail ( \ \ • ) 

»— •!— ll fJLp i y y> j . 4 i tJLp ; J5J) (^tj Ab>L «JLa jL |» J— ill {jA JU j/ C ^ ^ ^ ) 

. Jju jL . J jl olljJajt JL>- jj 1 Ja5 jl jll j-jtl) jjVl jIjVI IjL>-I ^JaJ 0 — >- 



. \ ) iY j»UJl Jl j^) Liber Alchorismi (LA) 

. (j* \ MV ^UJl Jl j?-) Liber Pulueris (LP) 
/ UY >(? jL* jU! l) jA Jl) Algorisme latin de l’abbaye de Salem 
. (nr) (? jlill j jA Jl) Algorisme latin du British Museum Royal 15 B IX 
. (? _ r Lp jliJl j jlll) Algorisme latin du British Museum Egerton 2261 
. ° U) (? ciJlill (1) jJaJl) Algorisme franfais Bodleian Library Selden sup. 26 
0 ) ( jJLp Uli)l o jill) Algorismus Vulgaris de Jean de Sacrobosco 
. ( ' n) ( ct-JliJl d ydl) Carmen de algorismo d’Alexandre de Ville dieu 
. ( UV) ( jLs- j jH\) Ars algorismi, Bib. Apost. Vatic. Palat. lat. 288 

oNUil ^ j ^ ^oLDjil fti-A <i y+e ^ll J j-LaJJ DjLLa-j Il*J ISIj 

o j-iJl) oLJ ^ jUi j_£J J-l J JJL* UL» Uj-*Jl 

yUJ.1 ^ j! (n %bL-JJ J jJDI . ^iLJl 

^iJLp'b/l jJL«.: ii t (j jJJl) 

gjLJl J u>uwjj LJU*U ^L*Jl ^3 jJajJJ LlLU L^LJLj t .11 

jl j U u c 4JU*Jl f--L A^jjJaj I j j jJ ^iS^/l (ijUJl J-Uuj .(. . . j a */s ll JU*iUj 
iJLjsJl Jp U^JI oLDji! US' ifJLiSlI UJJbUl oLUjll ^:a7j .UlpSH 

LijjiaJl dJL^J l $ L..^i7 Ji'Jl J-P j ^ la" jl 4 jUJl ^ LJUiJl *JLj ^.^27 ^ j 

iaSAJKjtj (j! ^JL«j Ln^Jj c oJla LaJl>> j LY Jl .(LA) 


Cantor, «Uber einen Codex des Klosters Salem,» pp. 3 - 16. : Jill (UT) 

Louis Charles Karpinski, «Two Twelfth Century Algorisms,)) Isis , vol. 3, no. 9 : Jill 0 \ f) 
(Summer 1921), pp. 396-413. 

Waters, «A Thirteenth Century Algorism in French Verse,)) pp. 45 - 84. : Jill (UO 

Halliwell-Phillips, Rara Mathematica, pp. 1-26, and Curtze, Petri Philomeni de : JaJ I ( H o) 

Dacia in Algorismum Vulgar em Johannis de Sacrobosco Commentarius una cum Algorismo ipso, 
pp. 1-19. 

Halliwell-Phillips, Ibid., pp. 73-83. : >11 < \ > *0 

Allard, «A Propos d’un algorisme latin de Frankenthal: Une methode de : j — la 11 O W) 

recherche,)) pp. 128-140. 

Allard, Muhammad Ibn : J LP Jlj LA Jl j LY Jlj DA Jl S^lJ aLSW >11 (MA) 

Musa al-Khwarlzmi: Le Calcul indien (algorismus) , histoire des textes, edition critique, traduction 
et commentaire des plus anciennes versions latines remaniees du Xlf siecle, pp. 225 - 248. 

Kushyar Ibn Labban, Principles of Hindu Reckoning. OH) 

Al-Uqlldlsl, The Arithmetic of al-Uqlidisi. ( \ Y * ) 



4*Aaa)\ ^ j . Laj^Ls^ 4 Jp AjJpU J^JtJ d)l ^ La 7 \ tiJUJU 

^Jl. J i^LJLl yLp dJfcJl j jill yjb ji ^JL* jLJl j jii\ 4j L^ j- ^ JLpVi <y 

C ^Aa— mJL (1)La jJl® 01 L*2 jI J J— > J . jldpS/l ^J\^J < jA PmLJI AJjj ^L> ^^pL?J AaJ) J^JL) (Jl. *. . t 
La— 3 C Ij j^JLa (J— J C jJbLl ^1 I jl c-J^aJl oLLp ^ C, a,^9j j jlS* (^JJl 

<J1j UJ jpa jjSJlA j — P JLJL . A_^J JliJl <J L^-pS/ 1 ^3 C ^ ^JqJLjj JJLaJLj 

cl >.>, JJot Jj OU^JI IJLa jl dLi Vj . ( c >Jlj ^Jrl ^3 jI 

. aa.44.2)I j u-» jv^ll ^^JLp ^a aJjLJlIj c ^JLa { yy aixj 

I^UjLLa J L^a— sAlJj A— i jjJl djLiJji! A^t^La AjjLla C tii-i jjJ t £c_o»— J JL3j 

( jp j\ o j&3 c jJLp dJlill j £*-LJl jjL ll c aj j— aJIj A-iJ^Ul 

c— j jjJl IjLa C^TAJI c-» ^*JI ai* LaIi>- jJI SjljUJI ^jpj (_$.l^JI c— *L— ^1 ^ uij *^ ^ jjkdl 
•* - * ** - 

. jil jiU aLIs VW cJlS’ sjujp jlJU; a^I j ^JlII 

A-j3 ^y+0 yA ^3 Ajcs^I a A-*jl AjjLLa ^ j-^?Lp L^S*3 La j| 

. oU» jiii 

^jaJI i— >L— J-! p-LO ^jL (JjI a^.a^S' V jJa.4 aJjLJI o>L>t a ./a ll 

^^P .1 a. S i <— 3^— 3 jVl LaI . j-uliJl I JLa i j-g-^ ^jJl i?l— ij&j t— > jiJl ^ 

. Jj^lall IAa C-L ^jlll (Jj jill ^ |%-Lp l^i ^jlll ^srlil c j^’J ^L>xlll 

iia-^ljj ^ jli ^jJl j ^a.,/3 llj a-q-.—lII (alijSlI ^Jl>,:-. 7 ^jiJl (w-jL— i-l uJLI C-J jp 
(jj-flJl AjIJU (jylJ^-A i/i fl t J V I La j L Jtjjl c ® jLp cJ^ 

(Jean de Sacrobosco) j£L>* yj ^L - jLL L’Algorismus Vulgaris '. a!>L*JJ jJLp dJllll 

JS/ Carmen de algorismo j Y \ t 0 c-») (John of Halifax) 

. ( ' YY) (j* \ Y l * J| y^. cJ) (Alexander de Villa Dei) (Alexandre de Ville dieu) j_o Ji-J 

Jaj La J| O ^ o " « *j I C 1 ^ ^ I • 1 r* m * 1 i ^~L {je * **^ L y ** £ L^-S^P ^^Jl Lm>< *)I I 6.\_A 

Halliwell-Phillips, Kara Mathematica, pp. 1-26, and Curtze, Petri Philomeni de Dacia ( \ Y ^ ) 
in Algorismum Vulgarem Johannis de Sacrobosco Commentarius una cum Algorismo ipso , pp. 1-19. 

j_$jiil 4 ^ ^ 1 Aj \ t AA (j^luJl yj A_i>-t)Lll SJbJL*Jl j-liil j a jj jjdl aL jiaP l^>jLaj L»J 

David Eugene Smith, Rara : j^Jl . cJJ j-Jd ^.w .til J* ajUSUI Uj J JJ ti— J-J ja 

Arithmetica (Boston; London: Ginn and Co., 1908), pp. 31-33, reprinted (New York: [n. pb.], 
1970). 

Halliwell-Phillips, Ibid., pp. 73-83. O YY) 

Lf^Jil jf J JLjj 4 A^aLkJI oUJJL; a Jj Jlp oL^^jj i— aJjil Ijjb oil? ^ioP IJbj- ^-dJ ^ j* 3JLp Jjj-jj 

. V>U B ytp ilJlsJI 0 ^1 Jl ^Jd A— «j >U j 

L?- jJ JpO in tabula dealbata in qua littere leuiter deleantur 4 ^Lljil y jli ( \ YT) 

Boncompagni-Ludovisi, Scritti di Leonardo : JaJt . («aJj 4 — j LliiCII ej jP it— .>• a.^a— a 

Pisano. I: I liber abbaci. II: Practica geometries ed opusculi, vol. 1, p. 7. 



|*Jp ^y 4<jj^Jl vL-y«J A3 + A3 y+fi yA La I y LiJ Sj JLjCL^I 

fL*Jl) (Petrus Apianus) (Peter Bienewitz) jjl ij-^..> j-i— J jllVl LyL-^J-l 

yh-*+j 4 ^jJaJL Jfr.Lw.lj .,<a >- v_*JL*S/I oJLA \^\OYV 

(Jp L-jt ^yJl i*%JJ jJLp dJlill (1) jJflJl AjI J u ya jl jJLp ^lill (j Ja . ll Jy * j^LJl oliJjll 

^L^Ll ^jJJl JL«— w jLmhI J.P' ^j,^? 2 7 ^1 oJla . L2_jL^ La 

4 U^iJl jt t r > -r sAJLS’ 4 ya-*-> LoJb JJai ^-y-S/l IJla jlS ' j .«abaque» JL 

lj j-*Jl ^j-4 oj j-*-« i$ jp-t «wwJL^I ojL?-U . ^L*j o Li oUL^p IJL^-I L$JL*j£j 

j>Ip 4 Liber Abaci ajLS' <y ^^JLJL jt L^l j j JUj t l_j yJI ^y L^ii ^ yu 

J*}L>- jy ^ y^yi ji^i ^ I*1aj • c-JL*»S/ 1 oJla Jjl* ^y I JUl j jl£ 4 j* \ Y * Y 

.^IjlpS/I 4 -a j*? aJLai jfrJLcj yi\ A^JLrft 

AI 3 yut <Jp *>Lta 4 (LA) Liber Algor ismi ajLS' IaSj ^y JJaJiiaJl La-jj ^^kpt -*i j 
I jJaJ bJl SI 4 LjyLl Jl-^Ij^-I (_£ L*Jlj 4^lijS/1 JLwJ ^ ^-JL^L 


4 23.64 = 4.3 + 10(6.3 + 4.2) + 100(6.2) 


.OTa), 


li-A j| J jJ»La j-/*Jl JjP 4-wOL*Jl AlJLpli ^y A-^4 j 

A j^a AjLjJaJl aJLa JL>o LJl . ol jJLfrj olJL>-j jy AxJjil 3lJpVi ^y (JL-wJL^VI 


c-^- 4 


(^°Y y>L) j^xLVl < 4 jaJI jJl ^ 4 ^^^ Lt 31 JpSM 


c-J^o) lATTj VT 0 4 — * yj jb ALy AAjjlaJl aJLAj . ®<JjLil A 4 j^ 1 >® ^^1 

* (jry-Jl ® j*L*Jl oLpLs^ 0 ^ly^> oLjy ^y L5yL| 


48 


23 


12 


7254.4823 = 3.4 + 10(3.5 + 2.4) + 100(3.2 4- 8.4 + 2.5)... J\ 

= 12 + 10.23 + 100.48.... 

Liber Abaci AjLS” ^y L^-yLAj ^yJl JjS/l LLjJaJl Ja^^aJL ^yfc AijJaJl ai-A j 

ya AAjjJaJl JL>*13 $ jJU J . ^ ^*\*V.j*\*V jJaj (^ T * T ^lp) 


(Bienewitz) yj_y tr j jip y _^L-t ii-L t jj ^ 1 jLuc^.1 aoJMli I Jl^a j ( ^ Y O 

. t4ylj+j* 4 .1,4 +* <+Jj+A^ c5jL*^l |*-^Vl 

Boncompagni-Ludovisi, Iohannis Hispalensis liber algorismi de pratica aris- : j la — 31 ( ^ Y o ) 

me trice, pp. 119-120. 

Curtze, Petri Philomeni de Dacia in Algorismum Vulgarem Johannis de Sacrobosco : J* il ( \ Y *1) 
Commentarius una cum Algorismo ipso , p. 9. 

Al-Uqlidisi, The Arithmetic of al-Uqlidisi, p. 387 : jiaJl ( > Y V) 

Boncompagni-Ludovisi, Scritti di Leonardo Pisano. 1:1 liber abacci. ILPractica : J & I ( Y Y A) 
geometries ed opusculi, vol. 1, p. 12. 
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^LxJl ^3 (j^JLLgJl « *L— 4^-t 4 ^.JL£_H 4 J j ^ £■ 4 A.«Ja-i^j aJL^j <J_j1 ^3 

.° r °( f mY s>J) (Maxime Planude) 3 ^-£1 aJUj J ^ 4 (m> f\YoY 

L'Arithmetique de Trevise : aJUIS' aJUI j\ aJLU-» 1 tS y»-Lu LaJ->o j 

JJ^-J £AT ^L*Jl) L’Arithmetique de Bambergj \ IV A j»L*Jl) 

(^ \ M Y ^l*Jl) (Francesco Pellos) ^ jJULj yj (j» \ l At j»LJl) (Piero Borghi) 

(Niccolo Tartaglia) LJlpIJjIj jJ j£Lj \ jJ>-\ j (^ ) M l ^UJl) (Luca Padoli) li jJ j 

<u^L>- i $ — ^ « (jj* ^ «JjLll aJLjJ^bJ jl» ^ oLS* .(f\ooi ^Ldl) 

l I 4 JI Ljj l $ *3^ Jbo Lo- 3 A-Jj^-l jJ-l Jj>«— «J a£~J* Jl£*£ 

jt 4 £ *1 A J $ IV e-J j-*^» aJLuP 4 ^JL« 4 ^ jJ JiClJl IJLa jJjti . jJI 

L5 a*>I 1 0 Ju .£A<\ J noAr 
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I*JLa 5^ t LjjjtJl j 1 ll y* iili jl IJ 14 J JLo_aJL^I jj la) j! .A -tf 2.1 V y>b 

jiLJl y jlju JL*f Jll* <JL»,w.‘l»JlI iwtJL**! <1)1 jl y L» jJLaj t 

1*5^ 'j # _^ajJL L 4 JU <— ijjcJl t--* jJJl £llaz-*l Jii j . <—-• j*Jl y» oJ-jc— 1 

. </ .}L,)fl ^UJ! ^ 

Andre Allard, «Le Premier traite byzantin de calcul indien: Classement des : Jol\ O T 
manuscrits et edition critique du texte,» Revue d’histoire des textes, vol. 7 (1977), pp. 83-87. 

Andre Allard, Maxime Planude : Le Grand calcul selon les indiens, Travaux de : Jail ( \ T * ) 
la faculte de philosophic et lettres de l’universite catholique de Louvain; XXVII (Louvain-la- 
Neuve: Publications universitaires, 1981), pp. 56-74. 

Al-UqlldisI, The Arithmetic of al-Uqlidl si, pp. 136-137. : ^iall ( \ Y* \ ) 

(» ^ j4^ ^ J 4«Jjhil» y ^-LUVl Jjl )o J* 

. 4~Jb { j ^ Jl 


vr 




ol t jjwJl ^p ^ J jUJI ^>^11 {j* Ip-Uj c Ljj ^IjlpVI ^_^-) 

.(rm*Av Vj ikii j^kU 

c—J <ui-«-P ^9 JL>xJLw«o d < *> - 4j3j^k 4-fljjJaJl 6 J-A ^JL*U j^J 

Jl^J* C-^- 4-s^L>-j 4jjULl4 JlSwl C-^- t tf^P <LdjjJflJl O^jJ j . ^ ^0*lV.j£Y > Y\ 
U>LJl 4ij jiaJl ^ UAii V ^1 j c (grillage) «4SUiJi)) j! (jalousie) «S^wail jl UJ-1>) 
^jlll oUJjil {jA JjJjJI ^3 S jjZJla JlSUVl oJLfcj . iljlP^l £y*7 £ y* 

jjLS’V'lj l $ «,< g * > oLLlj^il fiJ_A ^*^4 j^JLj ^jJj £ j_>til 4_djjJaj Jl*_*J| ( jJP> ( J^>tIj oJli>-l 
(Luca JjUL ^ jJj (j* ^ At j»UJI) (Nicolas Chuquet) *S j-Jt V ^SU oUlj^ J 
, (srr \{\0 0 -\ J.LJI) (Niccolo Tartaglia) LUL'jU jJjJLZ j (f\i<\t (.Ml) Pacioli) 
o) \ VY ) cj) f-liJl ^1 u jjJb-Ltf- *—> 0 ^Zj l $ ...dl ^ j 

. oro 5i>ji .i*i j* ((.mr o) jjjji ^ ( f un 

4_^jL» ^ jJl ^-jUI {J & Oj^J pLk P^/ 111 «/3.9 ^iJl 4— J ^sdii 4^U-P jj 

j j-iJl ^ (Jj^l L-^J*AJl oU^-jJI {jA IpJ-*3 . ^ k** ^Jl jj j-SJl ^ e-J ^jJl (J-& ojUU- j 
^ JlLuNl 1 ^L*ci-! pJlp ^3 Ijl^- eJLiJt! JUpVIj Ij j ja c i^UJJ jJLp 

j j-aJjll oJLC'l US' ^JLX^Jl c-jUJ-1 Jl S -r fkj c 4.,^ gill j-s^j t jJl jj j-aJ1 

I Jla U»jj (^1 jl5v4^/L ^jUj . 4-Usi! oUJJL Cy*j 4 AJJL oUljil ^ jjJI 

lit- ^1 UiV !j o!>UaJl ( Jp t _ 5 i>- jl jJ-p jl ^|p loLc Jjj jl 

. JS'^a ^a| c^jjU-1 ULa ^4^— ^U»Vl 4-L>- 1 jA Ij (^‘ill J J-kl3l 


kmm> jki\ ^ 4,^, 1*^)1 ^3 jMS I ^jl * 

( _ 5 k-.^)l Oj^l 

ujLyUl ^3 I y^> ^jJJl (jwjjdl ^1^-flJjll Jjil jl jl ^1 C-»l jA SJL*Jj kL Uxi J-SJ 

^3_j . 3| (jUp’V U 4^ jj ^P oj^UaJl 4-JL<a^\Jl ^^s^zJl 1 j^-Lkl U3 ^ l l 

^plijil ^4 4-jliil 4 jcwsJ 1 ^3 ^j^-^il 1 (J ^1 JSCJLj U ^^*1 ^dUtil 1*U 

^UipVI jJp oUJd! oJla J-<^ . (L7J Liber Ysagogarum Alchorismi Jl aU^oIj ^ Jill 


Boncompagni-Ludovisi, Ibid., vol. 1, p. 19. : Ja . ll (^^Y) 

.(Per Bericuocolo) « ^5U c-Jli» L JjjJli ^ <^1 <kja& ^ aljt 

jJL* ji\ j ^aJl LU ja tiLi j j3 LkJj*j jJaii ^ «Gelosia» LL^J» jl>«J Ul L ^>- ( \rr) 
Andre Allard, «Les Procedes de multiplication des nombres entiers dans le calcul : jJaJi .3^LUL1 
indien a Byzance,» Bulletin de Vinstitut historique Beige de Rome , vol. 43 (1973), pp. 120-131. 

. j*}\ Filet de Pecheur «^LUI iSLi» Iaj l^l ( ^ X t) 



4JL£jl£1 ^ k — j j-*Jl <jy4Jj_*JU Ljjlo jlS' c UajI JU*i! IJla ^ c i * ^jJl <jl 

(Jjljjij ji c^t>LUJ jJLp jliJl (1) j-SJl J-_s J-p 1 ^iJl oU jJLil Jjjj . <l5_>- 
L^-L^5s-Pj Ojjjj>lj \ n . o > tJo ^xJl OjjUl Vl OlJUJtPxlll jA".> (_£ 0 j— <JL*Jl 

jj> J-iJj! jl (^OA* j->o o) (Cassiodore) [£ oLjJj^ ^LlJiil ^ 4 x» 

De nupiiis philologiae ^jLJl Lr J j . j_>J o) (Isidore de Seville) 

jjt ji\ J-p i(^iV ' j_>*J) (Martianus Capella) PALIS' et Mercurii 

L » t olJuJL^jJl ajugj LJla Ip Lp ^ 4 De geometria L^Jii^Jl <J| j_Lp 


f ^ Jl 


Oro) 


JJLJl! Ja^~jl jj-4 aJL5»-l j 4JL*m_4 ^S' Vj ^ j-a j • LJLp 


4 A 1 1- 1 Jl I & t . ^ J u<sA3 1 J -P 0^3^-JJ .^?U 

c^aJLiil ^LJJLS' ol.L *11 ( j# *j cj ^JLpxJL^mJ ^1 4 Corpus des Agrimensores 

* aJ^ll IAa LaI^>- ^iJI ^j^j^-p!L3 aia j^ 4 l-*! • ® j£}\ ^>t^~ ® ^si-ill a^-Lw! 

(Francon de Liege) jj J j5^l y ^ ( jl>- aJ c^JLi 4 l^LLJai L^l clU* V 
4 ^JlLI Ji (^0 Y £ j^-cj o) jl lLL£* ^j - 4 ^ j • ^ ) * AT y>u o) 

I X^», X *.fr ll -j uJJjll 'j-ZLlj . j _ ^ »L5' J_S"J_j Lo_S" 4 L*J j_>- jJ-p 

(j-^ Jl VJ ^ ^ (Geometries ) 


Quemadmodum potest super datam directam terminatam lineam trigonum Ofo) 
aequilaterum constitui. 

J. Willis, Martianus Capella. : Jo - II (< 0 .la «.* ^ ; iai- J-p ^iJLL. ^Lj») 

(Leipzig: [n. pb.], 1983), p. 258. 

William Harris : JH>\ . ^Jl jj j^\ J* LJLj jJI ^ ^ (Stahl) JLl- ^lij 

Stahl, Roman Science: Origins, Development and Influence to the Later Middle Ages (Madison, 
Wis.: University of Wisconsin, 1962). 

c«Podismus» (^ \ * T 0 ^UJl J | ^ ) (Raoul de Liege) ^LJ ji J jjlj o ^ (^Y'‘\) 

. (Marcus Junius Nipsus) ^ ^y^yr ^ jSjl> 4 -ilji Ujj 

De quadratura CjS j . (9/5) 2 — 3.24 S c-Japf Ji cJJjil IJla JIp it L*Ji jl L^l.! Ja^% ( \rv) 

^(^*03 _ \ * V3 ^UJl) LJ jJ jiT iiiL.1 j 4 (Hermann) jl . jA Jl ^ jl^II circuli 

Menso Folkerts and A. J. : J&\ k f*. Categories (Boece) j ^ 

E. M. Smeur, «A Treatise on the Squaring of the Circle by Franco of Liege of about 1050,>y Archives 
internationales d’histoire des sciences, vol. 26, no. 98 (1 976), pp. 59-105, et vol. 26, no. 99 (1976), pp. 225-253. 

1^ T 1 at OjJljJl ( ye> ouv aJl uJJJlS" j 4 On_-->v-s^ L«^j l— o foS A^i j 

. 3.1429 J jL« 7r J 4 ^-jjid ILUall t \ i Jp l JaiJl l y \ > ^ j 4 Agrimensores Jl 

Folkerts, «Bathius» Geometrie II; Ein Mathematisches Lehrhuch des Mittelalters , : Jhj\ ( ^ TA) 
p. 69. 

: ^ Demonstratio artis geometricae jl «Bubnov» Ju. AjJLiiJl L^dl 4^^ >- ( \T^) 

Friedrich Blume, K. Lachmann and A. Rudorff, Die Schriften der Rdmischen Feldmesser, 2 vols. 



Cj\ a la : 3 * ( J_p j-Aj t Altercatio ^ cr ^«LiL| l_->Ll£LJIj Agrimensores 

o1JUJL>*jJl oLaj-j l)j3 4jI Ub' {((jLtJl c^L^Jl) ^jJLdl <^>l ,<■.. >-^^a 

c_jllSl]|) J ^-4 JjVl 4 jujS[I C-<lSCJl £jA LI »Js a ll |» 1 Q*AJ ol &yj> jil J ol J^Utfil J 
ejjll n :UJL*)I calls' ^ jyjl ^ ^ J . (^LU v lisai iAbj £l ^Jl j ^JUIi 
fj,\ bhi*»1 o!>L^JJ jJLp ^LU j jJiJl ^ JjS/l ejwaJl ^ (Lotharingie) L~*J jLjJ ^ 
pi ah: a* Jlj t Agrimensores <y\z£ Jlj i «abaque» Jl JjL -* j j_p y^.yyr 4-Jb*j 
. ^ ^ Geometrie I Jl ^y Is j >- ^11 oliLiiiL ^dJi\ 

^J-P C— » jJtJl ^3 ^JLbl JU-p| IS! 4 jJS*£> jllll o j-aJI <.«Ap ^J-*3 

4^jJLo ^ la « ll £_*a jJl ULa Li^LlaJli . a j ./? T aJLa_P 4 
^lj->-) (Fulbert) j-j-J j-3 aJL^JL a^jJL* jl ytl 1 <CjJLa * * Y* lIj) 

j-LLJI IJla v--w-m. ^j-p Nl 4-^j .(Chartres) ^jLi 4JL>JL* ^ * T A _ <\lo 

j^3J>~ JL3j . 4^.<JL*Jl { j i e> jva.JU ^llll 4-Ji u-iLjJl j^p V 1 ^yla^ jJl (1) j jill 4 jI Jb ^ L5 JUl 

4j ^P ^3 J* 4JL^J_j 4 Lb>*I I ^pJbl £«»>- 4 ^j-3 3^<J_>- ^3 ^<2 jLL]| I-LA 

^JLp (Jill! j j-aJ! ^ c5 iJ}Ul y jJJl oLJLi5’l jK ULSob j . 1 ^jLa^JI ^_p 

d-flJ 4 1* \ AA % j»LJl JLl«j . 4^<Jlp Sjjj (jj^UaJl 4 I a 2 ) ^jlJLN oL^jiJJ 3!>L-JL1 

t (UY) ^L L^- j*li J^mpVi J 4_ 4.^ y aLij^i (Weissenbom) jj j : ~~±j 


(Berlin: Reprografischer Nachdruck der Ausg., 1848-1852), vol. 1, pp. 377-412. 

Paul Tannery, «Notes : J&\ «Pseudo -Geometrie» _ 4 -Ji> j (Tannery) <j yC j j 

sur la pseudo-geometrie de Boece,» Bibliotheca Mathematica, vol. 3, no. 1 (1900), reimprime 
dans: Memoires scientifiques , vol. 5, pp. 211-228. 

Folkerts, Ibid., pp. 69-104. : ^1 <. 4 — aijit ^ y£- J y- ( > t * ) 

j yS yS\ (Liegeois) oLj>bjJ! «-Ulp jJU y *>^ JaA (U\) 

R. Halleux, «L’Apport scientifique jusqu’a la Fin du XV* siecle,» dans: La : <y ‘ jLc- 
Wallonie: Le Pays et les hommes: Lettres, arts, culture (Bruxelles: La Renaissance de livre, 1977), 
pp. 489-496. 

d-S- 4-1* J y*A J ^iLJl j jli\ y* LljV y y* l yi J-j-JL T «. y, y-\ y* 

o* J ^ 1 ^1 <> Jrt (l O&J ^ J~£> (> (Verone) U 

^^->1 .Aila ? 4 ^ 1 j 1 1 ^ -L* -** * I f fi j . .. p 43 ^-Jll 0 -1_a 

Marius Geymonat, Euclidis latine facti fragmenta Veronensia (Milano: : ^ la jl . Arigmensores _Jl 
Instituto Editoriale Cisalpino, 1964). 

H. Weissenbom, «Die Ubersetzung des Euklid aus dem Arabischen in das : Ja>\ ( \i T ) 
Lateinische durch Adelhard von Bath,» Zeitschrift fur Mathematik und Physik, Historisch- 
Literarische Abteilung , Bd. 25 (1880), pp. 143-166. 


v*n 



IjU yj jjL-o-S' L> j^il i-J J ^ll v2-J^jJl <jJLlS ^3 ^yJl 4^jjJl aJ_A 

c— U dJUJLST j . ^.1 j jULiJLj ^ JUl (^ T o o y^J) (Campanus de Novara) 

(Gerard de O y*-i jS y j\ j. *>■ Lj- j»U iiJljr L-i-jV 4^-y J[ aLjVI Bjombo « 
y (M. Clagett) c^p^ 5.^ d)I Vl . (Ur) H* ^ j»UJl y 1 $jL1i£a y> jlS'j cCremone) 
c O£ 0> \ < \1A j»L«J! ^y (J. E. Murdoch) ^ • £ o J_*_j <>- J <\or f LJl 

j jj-Ill ,y c-» yJl ^y ^jlJLjI JL-pV 3JL>d! cJUL^Ml J-p A-^ii p-l Jjl LLaJL- 
( y? aJLp jy- a>wM j AjJj f-Uap[ <!)Nl (JJ Ajjly JL*-^ JjL^ . Ja-x^Jl 

^jlull L »y ( ysJ*JLjx j . jJLp jJLp (^jlJJl a^-x J-J. il 

. oL-ljjJl aJl^J AmxLxS/I 

<■"-*> l ^ a-JUjj iLjLU ^ xjJLil J y*&\ J A*j jS> C^L^y cJ-P 

(^AYT - VA*l j->»j) g-L>«-A-l JjJ L>- jJj . ^ ^4-JaJyJl AjjjJal JJ^ <y S-^y-y 
L$j>- jJLj j»li t j ytil iibU- yj <y Lf-* j-^ 5 ^ V^J c tLf^» Jj! <*• y 

N 1 ^Jb“ jl ^ y>4 i-a^ y (^ \ * o) <jy>- y J^-^l . (^Y Y y>*J cJ) {Sjijr ^ 

iljJo y (j**\ \ Y y>*J o) U jJ y l la ..«* j*Uj i ^ o) o ji y O-fll! y>-l y y 
y* *ly>4 yuu t y.yJLliVl ^-s-P jJLp ^yti-lj j-JLp £-il jJl A^yLj 

jy olla drj£j Ja3 . oL*^ yJl aJLa jl 2y>"jJ ^ISlpVl ^ygj », ^ * . \ I 

J-4 ^|LmJ- 1 p— JUI ^y J-Pj ^jLl- oy lj"i A_*_>-l jjk 

. <UA> ( j-iUJl Jl e Ul ^ y^Jl) J^.Vl 


Axel Anthon Bjombo «Gerhard von Cremonas Ubersetzung von Alkhwariz- : Jal\ (MY) 
mis Algebra und von Euklids Elementen,» Bibliotheca Mathematica, vol. 3, no. 6 (1905), pp. 239- 
248. 

Clagett, «The Medieval Latin Translations from the Arabic of the Elements of : Ja>\ (MO 
Euclid, with Special Emphasis of the Versions of Adelard of Bath,» pp. 16 - 42. 

J. E. Murdoch, «The Medieval Euclid: Salient Aspects of the Translations of the : I (Mo) 

Elements by Adelard of Bath and Campanus of Novara, » Revue de synthese, vol. 89 (1968), pp. 67-94. 
c(R. Lorch) j (Jl 5J5U- 4oli»^lait 5Jl«J ixlji y ^il cJLpS/I «JLa (^ 11) 

. (H. L. L. Busard) jlj_^ . J . *j t (M. Folkerts) ^ j£iy . ^ j i (C. Burnett) ^ j 
oUJjll Jbo c-I yil (y>Jl y IjLlUl y^l (MV) 

. ^ N 0 4 1 ^L«J( JL-* Ujj y <£> yS*Aj jiaJU lla>- Ljjl JLsj-^j . llA L-jjJlLl 

G. De Young, «The Arabic Textual Traditions of Euclid’s Elements, » Historia : ^iaJl ( 1 £ A) 
Mathematica, vol. 11 (1984), pp. 147-160, and Paul Kunitzsch, «Findings in Some Texts of 
Euclid’s Elements, » in: Menso Folkerts and U. Lindgren, eds., Mathemata. Festschrift . fur. H. 
Gericke (Stuttgart: [n. pb.], 1985), pp. 115 - 128. 


V‘V 



J-fl3 . J I J jZJl o J a jj-a Jr*- SJLjli { _ 5 Ja-^ ^ I bj Ja3l < > jJl j 

- \ *A* j->«_>) JjLj JJ, (‘— J >J*ll) ^j^wLJ-5 | A^Z^j*)1 t. »~-j 

Jp UojI cJjLujdl (LF,) Lz7>er Ysagogarum Jl iiLs^VL dJLtaj 4*'*^(^\ \o * 

(Hermann Jbj^^Jl jL« J j-J bjs ^ja ^ J >- 1 ^ ^aJ . ^ l.$.*.«.J 

jJ*r>- L^l# SJ^-Ij UajI y>b\j \ o * _ ^ * j->*->) dc Carinthie) 

4 1 jV^l sL*-M*il 4 » j...^ Jlj . jij& p->* j*~* j-*j ^ ^ AV _ ^ ) \ t j->«j) 

A-?* J t j^a La jS* jl 4 6 j* O-iU <K>-\ jA £jA Lj J 4J^ J JiCjJ 4 t$l* ^ ^ - ~J?.i l 

4 lil 4 J-»S/ 1 jJlxlj . £-L>«J-l JLJLaj Jl i-A jJI l ^-a-lgULa ^jA Lyi,,*.) £j£bj £ ^jjl 

J-UjJ 4i*)L*U jJLp (jliJl 0 jxll <j^ £^1 <_J jVI J^ C.^ * -y ^ J 

^J^JLJiVl ^-p jJLp ( j— alii-l j jJLp ^IjJI ^jIiSCII Jp iSj^j JtaSl SJjLp 

^b£JI ^ uy^i\j 4 •UU Jl JjS/l ^ «LUOj|» Vj ^Ul ^b£Jl ^ V l*i£!j 

4 J-»L oJLjIp Ljit jJLj 4 II jV^I o^-^jJI c-J jpj . J j-^pSM J ^JIaJI 

Jp Jjj ^Jl eJ jju Laj ^ JlJL*jl 3I j.iU L^jL" 4 ^L^jJl <jj Jill L*— J j 

4 ^ » d-> L« 1*— i J-p^ • */y j*a LjaI 

I j$6Li\ . ^Jl aJUL* Jll4 d-JliJl J (jtlll J JjS/l j*—3 ^lll ^-saJI 6*Ia C-wJ j ( \ i \) 

Clagett, «The Medieval Latin Translations from the Arabic of the Elements of Euclid, with 
Special Emphasis of the Versions of Adelard of Bath, » pp. 16 - 42. 

Folkerts, «Adelard’s Versions of Euclid's Elements ,» p. 63. : O 0 * ) 

|»JLP LJ jJL-jj 4 jVil Jl Lf~i ^j-*4 jl jXo-i La J LT OcwaJl (5 jJLP J jVl Jl«A.a)1 ^ LJLa 3 JliJ 
.LYtt UJ> (Adelard de Bath) jN^I & JjJ- j*\ oLil 

H. L. L. Busard, ed.. The Translation of the Elements of Euclid from the Arabic : Jill ( \o \ ) 
into Latin by Hermann of Carinthia y books 1-6 (Leiden: Brill, 1968), books 7 - 12; (Amsterdam: 
[n. pbj, 1977). 

Jp (Birkenmajer) y>-UiS' ^ JL-pI LjJi: (Hermann de Carinthie) jL. ^ J L*jJl 

Haskins, Studies in the History of : j LlJI . (Richard de Foumival) jULd j>i jL-JL-»j L-^jLiL^. 

Mediaeval Science, p. 50. 

H. L. L. Busard, The Latin Translation of the Arabic Version of Euclid's Elements : Jill O o Y) 
Commonly Ascribed to Gerard of Cremona (Leiden: Brill, 1984). 

H. L. L. Busard, «Some Early : JiJl . *» Jail oJla juo L« Jh ^ jyA \ La ^ _J- 1 oLL jla-^ 
Adaptations of Euclid's Elements and the Use of Its Latin Translations, » in: Folkerts and 
Lindgren, eds., Mathemata. Festschrift fur H. Gericke, pp. 130-131. 

Kunitzsch, «Findings in Some Texts of Euclid’s Elements, » pp. 115 - 128 and : Jill ( \ &T) 

R. Lorch, «Some Remarks on the Arabic-Latin Euclid, » in: Burnett, ed., Adelard of Bath: An 
English Scientist and Arabist of the Twelfth Century, pp. 47-53. 

v— ljUj L* ^ li^lall ill ULjJ <l!L>JlI AjcJaJl jl jy . J . Aj jj-J JJ J . ^ (^fl£) 



Oj jJaJl jj»\ ULa j s j^LsaLI ajjJLis^ jl2j 

«jj jJL-Jiij (Nicomaque) »j.i * jl ^jjj j^L^il &Jla <1 Jj j . jJl 

(Reginerus) ^ f~rjj (Eggebericus) 1 0 JLii viJUJlS' j * ( ' d6) (Ciceron) 

(jJJl t ((Ocrea) j\ jl) (Ocreatus) JLiJl^ ^1 j_A J 

aiJULo oIjla! (^jJl j JlwJu 4 (Nicolas Ocreatus) jl ^ Jj 5L Ji 
jl ^JUI . (Robertus de Marisco) j* 

(Robert Grosseteste) c — ^ j j_p j--u j >jJ t (Robert Marsh) jj_£L 

Oj£j Jl3 4 oJlAj . ^ jjJlmSj I \ Y OV C->) 

4 <Ly*Jl {j* <dJL£ Oj± {jA CU-S ^ j Ji 4 Sji jlll CjUp jia>JLl ^ jJl oJL2j JlI! ^jA ^JjI 

SJbJLi 4 4 -LL iw illu * j . j_p 1 j»JLp J-* 

oLp yA j <olj.il >,/a a j olJbJL£ ^ «JL>o La JLj-nJ t JjVl ( jS> 

y> J) (Roger Bacon) jj-SL y>- j j ^ j* l$Jl I juJsa LlLJ ^ jwaJj 

/ ^ ’ ^editio specialis Alardi Bathoniensis 1^1 J-* (III) oJl* (^ \ Y ^ Y _ \ Y \ £ 


^il)! ^ y* ll*— J V . ^ fjUl JA yS jjj Jp <aJoJI aipj 

VI c. J Sjj -ill (G. D. Goldat) oIjJ j-p l) 1 Jj j?~>j ♦ <ijj-*il j^pL*JI L-^4 L-i 

G. D. Goldat, «The Early Medieval Tradition of Euclid’s Elements, » : JcL * I . sjl>-I j U» L^-J 
(Unpublished Thesis, University of Wisconsin, 1954). 

ji^ij tV tDeAmicitia = ) T \ t ^JL p oiU-l <JUil ^ Pinguis Minerua : ^laJl (^^o) 

. (Adelard de Bath) ji jViS/ De eodem et diuerso Jl ^ * — il J jiil 
. ^Ul! c->L£)l iaJLL# j l t T c 3 i^JiUJl <..AdJl O o l) 
c«Ocrea Johannis (in jl) ex» ^LiJL oil? ^ia>«il £ Jj : JbJLi jJl>o w> ^iJl oJu J j— j ( ^ °V) 

V jiL Jl j\ (Jean Ocreatus) jl lo-jj Jl jJl 4 L^jxjJI i^-LJl j-* 4 L*-^ J_oi Lr 
i>^ Jj^l ^V-iJl JljjSfl ^ iJL-II aJLfc Jp c-jI ysr jjXJLI yA j . (Nicolas Ocreatus) jS j\ 

(Alardus) y ** jVl jSJu O—*- 4 Cambridge Trinity College 4i*>L-JLl jJLp jliJl j ^JLlI ^ il? jia_^ 
«Lincol» : j^iL*Jl ^LlSCJI ^ ^ i-^Lp j . ^ (Johannes) ^‘La j 

(Lincol < niensis > ?), «Zeob», «Rog» (Rog < erius > ?), »Hel» (Hel < iensis > ?). 

Folkerts, «Adelard*s Versions of Euclid’s Elements , » p. 64, note (55). : (\&A) 

4 «wa delicah me aradene en nubeienne» : V 4 XIII _ /=r *iJl JL. ly*. JlI ^-jLiil t-JL- Jl (\ 0 ^) 
Ow-jjl lot y^]eu V ^Jl . . . 4«ysosceles» j «hypothenusa» JO iUno oIjLp LJlp jl>«J 

■JjMi 

^^jjL 4 ^ V\ i A JLk jJaJJil jl^L J50 w?..«»l (Roger Bacon) j ( N *1 * ) 

Marshall Clagett, : yi 4 jj^aJJl oJuL« y^> o-i-MS’ . editio ye ly jJdj OJL>o yJl j ioL jJl 
«King Alfred and the Elements of Euclid,» 7 jm, vol. 45, no. 141 (September 1954), pp. 273-277. 
«Bathon (Bachon?) ol jJLp cJ i^JOjJl JjUll j-a S <p 4 dJJl Jp 0 jV-p 4 ±>- yj 
(Conv. soppr. J IX 26 (folios 46 - 55) LjS> jJI IOj jJJ <1 » yi Alardus in 10 Euclidis?» 



Jp 1 $j1 ysA £jA Jl Jp 4 AJf^ JZS j JL j IjT JiSJ aJl aJUh jJlJj 

. (II) 4 w^.^all Oiyj-y ^*P iLyP 

yJl j t SJb*-l j it Jait ii j yll j (Hermann) jl* y Jl iy^all i^* yJl y£J j 

y* I Jil U-UJ C-J jp 4 J ypS/l y* ^JLp Jl JLp (JJliJI y« tw-aSJl 1 $ ./aS’J 

^ yr j Jp 4 oIjuj^JI ^y? y^ 2 j Jp L-lJ c-j y»-i iLjJL>- oLwJy o*J^ jl5j . L^LojL^ 
Jl j LY Jl y« s^lyil Ow aJl y* ^tLall yuoj jL* y 4-iy? yj aJL^l oU^Ip 
yj lj^ y JjL£ (II) Otyjl jl l**-plj . (jyjj'y ^S/ 1 ijlill j JjSfl 
Jl ya Siljl iJLyaJl y OJL^CL^I JlS I { « UUt* y2_*_> j! j t jLa jjt> ii >yj f I) A m» .,/a ll 
Jl^*»**J ft j i/i I ^ 4 jLm^ J^*h*J ^yJl ^^1 ft J L ^ cjl'* ^j^3J ol y*aLJl • LY 

\ Y 1 A Reginensis it Ja^JJ y o y*- Jl iL>« Jl iiyaJl iiii£ ojyaj L$-». Jn * 7 4 1 y>JL» 

.° nT> jlC;Ull i~£- y. 

yJl (J ypS/l i^* J> c_5 yu Vi La JLi j y? j«^a ‘Jl (JlSlilj <iJLoil oli^L^all 0*Lt JLi j 
^L>«jJl yb ^}^L~aJLi j -JLp (jllll j JiJl jy*^J jO J |t->” Wr 

y J^S/I 4,»c...^a ll JJ^Jtu ciUi £ i-jUJl ijjV^Vl <-*-yaJl 4JLyJ ^JLil 

u y*^ 1 J crs^a •4>-» l u^ 1 W cM cjr^^ 1 WV cr 11 

aJ-i7 Jl L^jj# s ji <y c-^U j jy?- yj J->^[ aJ-iJ Jl c-» yl ^ i-i^aJl Jl ypaj 
(J y*-S/ 1 y> j_^a_Jl yp iylp 5JL»a_p i^ajil ^pLlp C. : a .^a 7 aJi ciJUJJ 4^L>i*l 
4j-^Vl ^yijjpVl ^,<8^1) ilLal jiS^i jjaj olaJL y-*jS^I Uja. ^ 4 <up y> jl 1 ^jjS'jAl 
^y^jJl ^j-JL I Ajr* Ija ; I jy^j jlj^T - • 4-Jy^Ul AJf ^ yJl ot Jj-ij j~*JU 

y jl^Jl aJLxJI ^il*Jl V L^JI jyJjj 4 (no) Jj-^Vl y- JjSfl S^LJI ^5UL) 


H. L. L. Busard, «Ein Mittelalterlicher Euklid-Kommentar, der : Jeu\ . dj£^ y-j ^-iUl 
Roger Bacon Zugeschrieben Werden Kann,» Archives internationales d’histoire des sciences , 
vol. 24, no. 95 (1974), pp. 199 - 217. 

Folkerts, Ibid., pp. 66-68. :y 4<JlyJl IJla y iSJaJl i-ljaJl JaJI (^'l^) 

Busard: The Latin Translation of the Arabic Version of Euclid's Elements : Jail 0 "IT) 

Commonly Ascribed to Gerard of Cremona, pp. xi-xii , and «Some Early Adaptations of Euclid’s 
Elements and the Use of Its Latin Translations, » pp. 133 - 134. 

Busard, The Latin Translation of the Arabic Version of Euclid's Elements Commonly : Jail (MY*) 
Ascribed to Gerard of Cremona. 

yj 1 YY j Y! yibJl J lYOj Yt 1 UY ci-oLJI tJjVl LUaiJl IJl^Uj (HI) 

. a«»lj ji jL* y ol>«— J y cdjipl aJ-fc \ Oj \t 1 oWi 

Maximilian Curtze, «Anaritii in decern libros priores Elementorum Euclidis : Jail (Mo) 
commentarii,» in: I. L. Heiberg and Heinrich Menge, eds., Euclidis Opera Omnia (Lipsiae: In 
aedibus B. G. Teubneri, 1899), pp. 1-252. 



(Pappus ^ j I j— £L*Jl i (j~* 4 ^' ^pLJI 

dJJLa ^j| 4j^ Ji ^iJlj d’Alexandrie) 

^ f U> -kili • 1 c^^JJ <--^1 a!*L^j |l j 

^ j>* llaJ ^la— *aJLI dJLi jj^ ^ A— uD j_a) Jj-^f A-Jli> aJJw? 

j JLs> j j JLs> (JLJllJI Jl UjS/ 1 v— ji^JI ^J JL l> (^j a^jj jjlp 

^1 aJLS ^J l ^ \ ^ *1 * y>t-i J yj^i\ (j* j^S> ( j~a\£-\j jJiS' £jl jJl ^jp 

c ^j^JlJjN a-j j_«Jl oL?^ jiJl ^bj Up aL«p j-jIj aJjLa^ J J <JIj£ Jj . v ^ 1 
< j^» ol>- ji^J.1 aJLajJI a^ji^JI oVLL« q j» o^ljl ^jil!) aJ l j-^L*ll J\ aLL-JI 

Practica Jl# ^Si jL.^Sfl JUjC—1 ^ A^yJl J$L- ^11 ^jb jt ( Agrimensores Jl 

. ^ • A*l j >.,_)) (Hugues de Saint Victor) j j : C , r — a jl — ** £j — 4 — 1 geometrie 

o jJLil v„d JlJ ^Ujlp^L 4 Jj-pS/I J ^ £-p j ^ ^ 

5AJtu jLcp olUL (Albert le Grand) jJt ^ ^ j 4^>UJU aIJLJI 

i»ZJ LU ftJLftJ 4 Lf- ^ J Lo-S' 4 A.*-> r ^ « U Axil ^*XJl ^jx<J 

jUoLI <Jp Jjj 4i^LJU jJLp £-j! jJl j jJLp dJUl ^j-ill 0»li> A-pl>-j 4 A-lJV 

oj«a>- ^L*ip 1 jpj 4 ( _ 5 iJ*>U! <— ^jaJI 4 4 -JLjpVI ^j-LaJL> 1 ^ J^ax# 

A^Jliwi L«J . ^^A-xkJU jJLp (1 ) jaU (Jjbfl ^xi-LJjV A^JjaJI 4-ip 

* ^' V '^d ^-p ol jJLp a ^Jal Ui* ^il jJl Up j^laj JjU jP 

xs\ . toy ^ cAwi; jjlaIi (\-n) 
G.Junge,«Das Fragment derLateinischenUbersetzungdesPappus-Kommentars : ^lajl (^*\V) 
zum 10. Buche Euklids,» Quellen und Studien zur Geschichte der Mathematik, Astronomie und Physik, 
Bd. 3, no. 1 (1934), pp. 1-17. 

John E. Murdoch, «Euclides Graeco-Latinus: A Hitherto Unknown Medieval : j-lDl ( \ 1A) 

Latin Translation of the Elements Made Directly from the Greek, » Harvard Studies in Classical 
Philology, vol. 71 (1966), pp. 249-302. 

a jJL j! jJ* t ^ o * o pUJl aJjllJI ^ { j ^\ I SjiLp aLIS’ 4-ijV a > J» Jjl o 

^L-S/l jjJL» Cuili ^1 ^ (|»\0VT ^LiiJI iPesaro) (Federico Commandino) yjJJLji' 

. jJLp (1) ij^dl 4 jIju ^3- A-Jlull ol jJLill 

S. K. Victor, «Practical Geometry in the High Middle Ages: Artis cuiuslibet : j la 1 1 ( \ 1 

consummatio and the Pratike de geometries Memoirs of the American Philosphical Society, vol. 134 (1979). 
P. M. J. E. Tummers, Albertus (Magnus)’ Commentaar op Euclides ' Elementen : Ju>\ ( W» ) 
der Geometrie (Nijmegen: [n. pb.], 1984), and J. E. Hofmann, «Uber eine Euklid-Bearbeitung die dem 
Albertus Magnus Zugeschrieben Wird,» paper presented at: J. A. Todd, ed., Proceedings of the 
International Congress of Mathematics, 14-21 August 1958 (Cambridge: [n.pb.], 1960), pp. 554 - 566. 
Busard, «Some Early Adaptations of Euclid’s Elements and the Use of Its : ^1 ( W \ ) 

Latin Translations, » pp. 139-140 and 153-154. 
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(a>-j) £ ^ a 5 j jJl HJLpli Jj>«J Jj^SlI ^ ^Ul c-jIiSJI Ajlji l jA* 

a£ jj^ <_5^J j-JLp <*lJUl j jjL Jl) (1) jj aa-aU*- <^SL» ( j>» VY* ^LiJ^Jl a 1? jJaJ*i! 

j-^ £->l jJl J jJsJl) jlilJUJl Ljl£~* ^ Y1A i-JwJtAJl Reginensis Jl ^ (a^>-j) fA 

! Jj [*£ aaJjLa i 

Jl JjVl <y~j AlltiJl JJ JjSfl a*-«J J^Lu t alia .* a o L <J 

. (wt) «aJUI Jl oUl V^l 

.* JLJlS* A>* LaJ 


c 6 

d.e = f ‘ - — e * - — d /Xii 

b a ^ ~ 

.(H tVIIJ «.^l) e.b = /.a J - = rjt t d.e = f J d.a = 6 ot Lu 

fl- O'" 

•^ =/= (^)G) j /a=cfi! ■ e - &=c ^ 

^-jj^J^^I a^jlaj ^uJI oI-a ^J_j) ol-A _/^Jl IJ-^ c?"®L)"*"d 

SjlpUJI oJLfc . &!jJx~*Vlj S ij^Jl c-jIiSJ (t 4 II) aJU-jjJ; ^ (Eutocius) 

11 aJJLsaJI a^ jJl j^u ^jkOUJl {***} 1 ^jA JUJbtJl LkM^wLkA lf*P ^*AJ 

cy^JJl cJ jJ- sjlpUJI *jifi . Lj^iJ JL->- jJl J^Llu IJL»j c ( wl) cr ij ^_p)/l 

^aJJ l) j 5^ ji^w»- a^* jj Jl tablet o^pI ojlaII aa^JI i — . -., *./*- 
Epistola de ^liSJ UajI J j»15 a^^J ^ 4 oU^ Oj^ t Ujl>J US' 

^jJlj \^\Y j->*J o) c_i_^j-j j_j J^>S/ proportione et proportionalitate 

Propositis tribus quantitatibus eiusdem generis proportio prime ad tertiam ( WY) 
producitur ex proportione prime ad secundam et proportione secunde ad tertiam. 

.(iv)pij ( yuU c \ &v 4A-»ij jJUaii ;Joii 
Marshall Clagett, ed., Archimedes in the Middle Ages , University of Wisconsin : Jail ( Wf) 
Publications in Medieval Science; 6, 5 vols. (Madison, Wis.: University of Wisconsin, 1964-1984), 
vol. 2, pp. 16-18. 

Proportio ex proportionibus constare dicitur quando proportionum quantitates in se (WO 
ipsas multiplicate fecerint aliquam. 

Dicitur quod proportio ex proportionibus aggregatur quando ex multiplicatione (Wo) 
quantitatis proportionum, cum multiplicantur in seipsas, prouenit proportio aliqua. 

W. R. Schrader, «The Epistola de proportione et proportionalitate of Ametus : _JaJl ( W*l) 

Filius Josephi,» (Unpublished Thesis, University of Wisconsin, 1961). 


V\Y 



j.*jU j t \ Y o) (Campanus de Novara) Ijli jJ ^ 

. ( ' VA) (j* \ T t\ o) (Thomas Bradwardine) yoj jJ j-» jJ j ( wv) (p \ Y • Y 

y Jl c-j j v-iJjll J Liber de proportionibus ^iiS jLfcj-Jl 
Tractatus de proportione ^JJy> yj (jJ YTV o) (Jordanus Nemorarius) ^ 

SJlc-UJI JiJi bJ’ . IjlS y j* y jJLoJ’ Jl j~A\ et proportionalitate 

yr jj oLU y j (SA ' *y yjljj-J j-pJlJlJ Liber de Triangulis Jl y (TV tIV) 
«l~J JA oltjj J . ° A>) Jys*Sll Jy (jJ Y^Y Jly o) (Roger Bacon) d) 
j-LljjJ (|* \ YV * Jl y-) ( Perspectiua) . II aJUL* y y j_y j-Ujt jLAj-y 

oUJy y lyUyj SJlpUJI yJ jJLp ^Jjl JyJl yj . (UY) (Witelo) 

(Richard de Wallingford) Sjj-Lk Jl j y Quadripartitum Jl 

l** . ( ' Ar) oliJliil pJU ^ a-i-TAJL. uyuldl Jiljt *( f \VTo o) 

(Simon de ^JULi^lS' j: j y~J De proportionibus uelocitatum in motibus y yJ> 

y y Jl JL>J j ‘*' A ^(Nicolas Oresme) jjl ^ j-£j Jl j~j1\ Castello) 

Tractatus Jl y j ( ' A0) (j* \ Y'Y A) yo jl yly y L* jjJ Tractatus de proportionibus Jl 

Boncompagni-Ludovisi, Scritti di Leonardo Pisano . I: II liber abbaci. II: Practica : Jail ( \ VV) 
geometrice ed opusculi, vol. 1, p. 119. 

Henry Lamar Crosby, ed. Thomas of Bradwardine, His Tractatus de Proportionibus; : Jill ( \ V A ) 

Its Significance for the Development of Mathematical Physics (Madison, Wis. : University of Wisconsin 
Press, 1955), p. 74. 

H. L. L. Busard, «Die Traktate De Proportionibus von Jordanus Nemorarius und : Jill 0 V ^) 
Campanus, » Centaurus, vol. 15, nos. 3-4 (1971), pp. 193-227. 

Maximilian Curtze, Jordani Nemorarii Geometria, vel De Triangulis Libri IV : Jail ( \ A • ) 
(Thorn: E. Lambeck, 1887), pp. 45-46, note (29). 

Busard, Ibid., p. 215, note (30). ( \ A \) 

Clagett, ed., Archimedes in the Middle Ages, vol. 2, pp. 13-15. O A Y ) 

siJUl j y Jl y I yll 4 (Guillaume de Moerbeke) js ^ jJJ- Jl yjl 

yj y L.U iiL>- i(Alhazen) pJLjl jjM Jihil |JLp JiLl; y Ji yp 

cljLj „a . ll ( j_p a «i iJ jl j_l*JI aJI (Kepler) jLS ijjoj oUj-^aJI 

. 1 fUJl 

John David North, Richard of Wallingford: An Edition of His Writings, 3 vols. : JaJl ( ^ AT) 
(Oxford: Clarendon Press, 1976), vol. 1, p. 60. 

J. F. McCue, «The Treatise De proportionibus velocitatum in motibus Attributed : JaJl ( ^ At) 
to Nicholas Oresme, » (Unpublished Thesis, University of Wisconsin, 1961), pp. 25-26, note (46). 
Crosby, ed., Thomas of Bradwardine, His Tractatus de Proportionibus ; Its O AO ) 
Significance for the Development of Mathematical Physics, p. 76. 



^ ciLS /' A ^(^MTV - \T\*0 (Albert de Saxe) j* ^JV proportionum 

. L ^ p Sjlxi^Vl j^Ja,7 J oLLlji! (JjLiJ 4 4f-LJL* U ^>u J! 

t J J J>-JJJ j-~^Jl jJl oi j++~JU (Jl U j-Jil jJ 

jlj-^ ^ tP-M <^Jjj-J! SjUL} oIajlJ La*M5 j ^ aJl31jl51 j LJUl 

eS ^S/l j^i t <L>j-*JL ^aJJI ^ oL» j^A\ oliJjil ( ' AV ^d) ji* 

ji ^ ( ' AA) (Commentaire) ol>*jj-iJI u-jIiS' dJLt Vj y* IjLU ^ jVl j 1 ^jb 
j-* e-j ji^il j {^MK\ j»UJl <JjuJ 1) ^JLiiV edr/io princeps Jl JJJj ^JJI IjlS jj 
l-L>- ^aJjil ^JbJ! cJjil IJ-A ^-UJ Jju . \Yoo (j^uaLuJl JLi Ojs 

jJLll <Jt>L>- .la A3 C— C <J Jill* AjJp a jJLs* cLj^JI (Jl j->- <Jj AjLsA^/L l AjU jJaJ*i 
<Jlj^ V aaIiJiI j^LsaL Ui® ja^3 c JjLaIL^ . ^^LJJ jJt+fr JH|P 


JJ JL j^LsaII 6 JLa ^j-u . aJLH oJla J <Lil jJl aJjJI ji jj ^jbJ tfJLIij Jail) 
^ Epistola Jlj c ( ' M *(Anaritius) <^Jj^JI r-jJ j tc^L jN^S/ aJUI A.* r Jl 
t Ametus jilius Josephi ^-J SJUJLp olj^» ^ jJJJ JJjil a ^JUI ±-Lajj 

j a :_! De triangulis Jl j c (Nemorarius) jl jj_*_jJ Arithmetique Jl j 

tJJj-4 La j^s* la.j ^jJl ^ l a «.*< jJl JjjJaJl oliljj jJi J Ja JLj£ Vj . ^ ^ j-fjil 


Busard, «Some Early Adaptations of Euclid’s Elements and the Use of Its Latin : JDI ( \ Al) 
Translations, » p. 140. 

Curtze, «Anaritii in decern libros priores Elementorum Euclidis commentarii,» : Ja Jl (\ AV) 
pp. 1-252. 

^ a li ^ L,<a jl eJL>b> .' 4^- jJ* j ^j> J cijos^ 1 -r^b v 

Lfj»- .±jjJu~S j! 4 V*1 «Digby» U? JaJ^ ^ Communia Mathematica 4 iJ j_* ^ j ^JLdil 

«Translatio ex Ji* ^jaJI ^ Ijl -L>«J : J£Ll» ^Jl j^L^» jJp ^ 

J j ^Aill LijN Is? y j* jl 5 cJjil ol Jju greco, translatio ex arabico» 

. O^xJl ojiL<a^ 

< 5 1 J c^ a ^' J AjUI 4-.*.. .. > - ( ^ AA) 

. tL-liJ iJUu U-i (Jjjjj iLiU^I jl oLjVj 

Euclide, Les Elements : 1 4 JjS/l jU Jlj ^ y«Jl Jl (Campanus) ^ ^LaS' kJLypf ( N A A) 

Clagett, «The Medieval Latin Translations from the Arabic : Jal>\ . lSJj^JI <jU J 
of the Elements of Euclid, with Special Emphasis of the Version of Adelard of Bath,» p. 29, note 
(31) (4), and Murdoch, «The Medieval Euclid: Salient Aspects of the Translations of the 
Elements by Adelard of Bath and Campanus of Novara, » p. 80, note (41); p. 82, note (53); p. 89, 
note (84) and p. 92, note (100). 

Euclide, Ibid., V, 16. : !Ai. ( ^ ^ • ) 

(pUAY ^Ul LJ» \ • iijjJl) «Campanus» J tA iJjVl UUil l-— L iJ liioh (\^S) 



I Jjb ^ylj Jiii . yJLJl j^IaJI jjJssj jy yjULri yp y[^S 

Jiij c^yLJl vy^l jlLl r<±JS l\ OyJl olijjllj oU* jS\ aLl^Ijj yJuliN JbjJLl 
IJLa y J . ( ' y> y <3yu> JisJ dUJlSj ^JLp Ji" \ 4 ... i > oJLpUJI JiCjLJ uiiJi 

<JjSll £jjJl . A^yJULgJl oLjLSCJl y> j^P y y*j y * yJl l 3 >JI SjLJt»Nl jJL£ 

bLud c^iS' (^JJi c j jLx jj ^jjh Jua c^JlXl aJLjJI 4— jl^JI y ^JpxIj 

Quadratum j Agrimensores Jl* oUly y U5 i v-— cri^ ^ ^ y* Jl 
y <Ji>«jU3 jllll £jjJl l*t . y V jJa— Si! y AoyJl oLLljll y j geometrician 

(Dominicus y y j^rr * jt ^ T • j*U3l) L5 -iJlJ ^ y-t aJUp a—JLa 

jy^ ^yJi ju-pSu ^j!AJi oL?r yji <iy- Sn. ( f \r n y*j) de Clavasio) 

iiyll fti-A (Jp y-L"Jl V j - va lA) . * ^jyAi-l f*^b iyJLlil 
ll 1^ >- 4^-y O-kJL I.a $ o i . Ai yil oJLgJ j-sAaJ 1 A-j^Vl y« |*-PjJl (Jp cJypSlI yll^J 

jJU yj| yju d)U t aJLajJI A^JLi^JI j-y j^jUyi ^_iJ^i AyyjM y L^alb 

Curtze, Jordani Nemorarii Geometria, vel De Triangulis : y 4 Z>e triangulis y W 4 i_«J yi iJUil 
Libri IV, p. 37. 

4 «sLm^I p-Lp y ^jtiJl l->L£JI Lj- t JU yJl olJb.L>»*ll y-I ^ ^Jb 4^1 4 i-w»UM ilUiil yj 

4 (E. Grant) cJl y yL. ?.!.«:. -4 ((Jacques Lefevre d’Etaples) Jjb^ y-iJ i)UL UjJLaJl i*JoJl y) 

i-jL-bU ^ yiil j 4(Jordanus) y yb jji- ^L-i-l ^JLp Jp UJLj (H. L. L. Busard) jl . J . -a yL 
(^1 La JaJj y»d • J L li>- y jJLJ Aw.lall oJLa j Halil 

Seriem numerorunt in infinitum posse : y t lJLiok . jyljll oUJJa-^* y> L- j-JL* Jjly ^ y>- j 
i j T Ql . 1 kil) Nullum numerum in infinitum decrescere'j extendi 
.Up «diminui» j «procedere» JLuJL ^jJbjy JUp «decrescere» j «extendi» yL*_Lll 

• o*y^ 

y <■ y j (Philippe Elephant) jUJL.1 yJLi yiS" JLii . aJL^Vi ju 4 yiiCi ( \ ^Y) 

y- y—A yJ^A j*— J ^ . Mathematica jl y ly Lj Lily .>}LJU yLp ^1 ^Jl j yll ^ jj^y 

P. Cattin, «L’(Euvre encyclopedique de Philippe Elephant: : jJaJl . y jJt.. : ■» f y ^-1 j J-£ .1 > 
Mathematique, alchimie, ethique (milieu du XIV e siecle),» dans: Ecole Nat. de chartes: Position 
des theses (Paris: [s. n.], 1969), pp. 9-15. 

H. L. L. Busard, «The Practica Geometriae of Dominicus de Clavasio, » Archive : jJaJl ( \ 
for History of Exact Sciences, vol. 2 (1965), pp. 520-575. 

iL£l JJ (Piramis Rotunda) il jt (Columna Rotunda) i_)l j_L~-Vl 4 JjJL>uJ 

Y \ yJjJL>«l!l — ) jLs> y \ ^ yJUJbull ^yj>y cjUjll jS JL 4 lo^.y-Lw* 

■ (,>.»' ^ (>* SA J 

N ylt UJ^Ul obrylly yj ^JbJ /l\ jVl Jl UAii JOJ . yU y y LJt Lyi ^l(><\0 
. A^yJL d ii <J J j V ybl; y 1 — aJy j 4 yip (jbJl j yJl y u*Aaj Ojp ulijy 

Rashed, Entre arithmetique et : ^Lu^l5 <. jM-ljll yail oL-luu-l ^Ju jl jLUVI IJLa y-p 



De diuisione omnium <L>1 y> Jl fjli\ \ T Y * ) v^Jjil 11 a y ^l J\ l-jLSJU . I ^ 

J j\ j-a (tf^JUi^. tijj y J jJU-l J y- )] ) camporum inter consortes 

& jS± ullj^a jjbj JLSLiS/l 4-.s~w«JS y£> y *- lliV ^ J LlIl dJj^-HJ 

j-a ^>1 jJI e^liSLSlj . J^-y6>S/l JjS/l c--*LiSCJLJ 4»>- jJi ^ (Proclus) 

. 4J| j-LP jjy l^JLP LUai.ll Jl ll. J?.J j-*j • * **Lp JJ ' *• « •*** i jj 

Ay iij^Jaj C-J- j£> Ji LUlaJl ^ jJLpj ^jwjl y- Jl V U ( jiJj 

4 y. J Laos’S LUa# (jUj JUaj h ^ j^alll JL^-i ^ l$i jl C _ 5 U 

. j&\ jp coLa < jj^ ^ uiu- jii 6 ^>-S/i o—Ji u! 

^JLbl J y>- Uj^-«JI jLfcjp’bD jJl jltlL lli^Jl a*j U-j <jyji}\ U *.*^j Vj 
Jl V 4 ^^-l 4l^liJjp« *— » ji-Ji 4—3 j& J H <jj jjJl ^j-* <JUpI SJp LAjLlll^ 

LJli . i)y±-ij£ j* j»ti ^iJl UiJ^Ul ol> jll ys> JJUSj 4 JU-pVl oIa y 

- c 4 j -«-11 jJL 'LJ j»LfJl <JLSy* (M. Clagett) ^ cr » J -S’ jt Jll- 4 ^Jl*J 

& yji J*j .^-i»l ,IUJI li+J wl^Jl Jl^Vl o^Ji ,_A_S t ° , ' ) ( ^^JI 

- \ T Jl jj») (Guillaume de Moerbeke) ULj y* jj ^ jJLp oL?^ jl j^-XJl j»L$-^l 

ljj-*JL jlL uU 4 t ^lj-pVl jiJJ 4^jjj^S/l U ji ^JLill JjXs^ (j»N tai 


algebre: Recherches sur Vhistoire des mathematiques arabes, p. 260: 

. oLh^IjjJI ^^JUU j ^aJ Sj^tLil il^ll Jl^-1 V * 

1 Metriques Jl Ua-jl Practica geometrie yhS t-\y>-\ y j 4 *j L^jj (Ho) 

Boncompagni-Ludovisi, Scritti di Leonardo Pisano. I: II liber abacci, II: : j kJl 4 ^>x < ^Vl 
Practica geometries ed opusculi, vol. 2, and Gino Arrighi, La Practica de Geometria , 
Testimonianze di storia della scienza; III (Pisa: Domus Galilaeana, 1966). 

. j \ I Ojjill ^ JLjLJI ^^oJlLj) 1 by i llj ( \ ^1) 

Franz Woepcke, «Notice sur les : LA ^JLJ ^iill JwajJl y JjVl ^ Jl y * j-soill ( \ ^V) 
traductions arabes de deux ouvrages perdus d’Euclide,» Journal asiatique „ 4 eme serie, tome 18 
(1851), pp. 217 - 247; traduction anglaise dans: Marshall Clagett, The Science of Mechanics in the 
Middle Ages, University of Wisconsin Publications in Medieval Science; 4 (Madison, Wis.: 
University of Wisconsin Press, 1959), pp. 24-30. 

Raymond Clare Archibald, Euclede’s Book on : ^JaJI t jJl . . J , J J u. ^j>- ( ^ ^A) 

Divisions of Figures, with a Restoration , based on Woepcke’s text and on the Practica Geometric 
of Leonardo Pisano (Cambridge, Mass.: University Press, 1915), p. 11. 

Clagett, ed ^Archimedes in the Middle Ages, vols. 1-5. : Jail ( \ 

- ijjjJl JJLaJI y- cUJI ol^L^I 46 “If _ 0 OA y *jJ-l y ^LJl J^aJl j*pZj£ <bL->- 

.^ULI Jl ^JLJI y * 1 >Vl J ^LSL.\ Jl .iAj ^“^Ul 



jSSj jl dllJb jJL* lIJLJIj ^JLp jlill j*j j&\ jllal I jJS j j\J- 

vlJlllI j jiJl) (Gerard de Bruxelles) jy jlj^L Liber de motu Jl JJL. LUj^ jl 
^yLi e->Ll5w oJlJLj Jay jA AjL« yLe* J| e-4Jjll jl jJj tO^LyJLl jJLp 

L/2>er de curuis tyliS' J jiJl jJa^j . jyy^ ji jl y>- y ^Jlll o y I Jill 

o) (Jean de Tynemouth?) (Johannes de Tinemue) yoJy j* jl* yL superjiciebus 
ejiJjil c (De mensura circuli) SyUll y-Li y>\z$ c^jil iJu yJuj / Y '*(^YY\ 
yJI 0 UJ 3 II yu y* ^*>LJL] ^Lp jJLp CJlill yy y^\ 

e-> ydl c-ii yiJ ^ ya yJ Verba filiorum Moysi Jl cyLS’ ^ t JLi j . yaJL>*jl 

( 4 JI j L —Vl j 0 yiUl) De sphaera et cylindro c-jLlS’ y^a JjS/l v LlSJI LUii J-f- 
(Nicolas Oresme) ^ jjt V _jiw ^ J £ t, Jlill J_— J> t < ! . ■> »: ..l Jij . jV 

(j»\FoY ^L*Jl) (Francois de Ferrare) ^ j\ jJ j * 1 (^TAY - ^ T Y * Jl j_?-) 

< >Li5C5 J j-f>*il e-Djll dJU-LS' j c Liber de ponderibus cyliS' ol> j ^JLl J v-Djll j 

. G^LJJ yip cJ ^UJ-I j yip ^1 J\ jL ji Jl) Liber de inquisicione capacitatis figurarum 

oLLSj jj jiJl ^ j1p JlfrXLxl Jp yyJ! y LL Jj.N j 

jZ-jjj jlj jl j- 4 

p— ^ ly-^J (J ^ yj b^y J* y-yL*5j 

^ yf ya-Jjll Lr* (Wigandus Dumheimer) y^l^jy ^jJUUjjj y-i'Lx j * 

L« yi yC^\ i— %XsAll ^jA Okl J\ aJU- 1 jl . j^JUpI O yea U 

j yj| ^LlJ^AJl AIjS^ jl] jt 1 yajJl j-oll] ^jju Lej ^yJl 

yXJ j . (Guillaume de Moerbeke) dLj y> j s j*yJLp j»U ^yJl j JLp ^liJl 

I J jJ^“l (.5 J^T 0-t>«J La £jlSjJ| «j_A Ju-a y-J {jA . j^JJL oyJ->- ^Jli jJl y 3 -*J 

. S^jJl t ibjl jJl dJliJ i)Li 

V C La yj J-P >i eJ> y- {yA^\ ^Uil i^UM ^LLl Lj£^l ISl 

<J jJ^ LLS* Li jL^-o4l^«a jUa^ <*J> JZju (_^JJlj dj y# Hall I ^JaL5Jl aJL^o ysAj 

! jfutlajlJl ^alij Jalii yp ^ yL> lyl il t jl^Jl j 5 ^Lu«ll ^ia— >1 y ^ t ^la,«.4 

^ ^JaliJl Uijb j»JL^JL-l JLaJ . (Y #Y) x 2 = ay ^JL^il J y(c — x) = ab JLSljJl 

ja iialiJl ^LsAaJI ^ j <.a(Spirales) cAyjj^iA ±Jc£ ya ii^LJl Jl L-^LL l y# LUaUl 


Marshall Clagett, «The Liber de Motu of Gerard of Brussels and the Origins of : jiaJl (Y * • ) 
Kinematics in the West,» Osiris , vol. 12 (1956), pp. 73-175. 

Clagett, ed., Archimedes in the Middle Ages, vol. 1, pp. 439-557. : Jai\ (T * \) 

. ejJjll ULa t y ^Jt ^yJLI eJbJLP oI^jL j*iUl ol Lil jS> 

. iJUJl <s ^ jjJi y ill — • Jj*- j| Syu c^yLl ^yill y t^JJl y)l\ (T • Y) 


vw 



M L x 



( Liber assumptorum ) (Lemmes) oLaJUail 
(Jj-P j_p V[ ^ jJl j-mJ V ^JJl 

<uJ jj» ^ (T. Heath) lL~a . o c*jl Jij . (Y r) <d 

<Jl - jl oL^L^Jl ^ tgjJLJL: 11 

«oLLl^-JVI» (t^JaUaJU 

4 (Pappus) La j-S'i 4 (inclinationes) 

ck" ‘kck J-f^ ‘ (Y *°<4J*jJ* L J jJJj 

p! ^.a. £ t Dial aJLAj . ^kLaJl aJLwJ. 

jd\ c-j jJJJ tijjljJl clLLl 


4 ^Lm 4 tjjca cjliS" i^jaJji ji jl I jjp- ft; 

( L/vre <& /a connaissance AjjXII j JIXJ-Vl 

oJjfc cJ jpj c aj*>LJI jS’Li ^ p-LV de la mesure des figures planes et spheriques) 

Verba filiorum ^-1 c £• L—IL-pj ^ ^ Liber trium fratrum ^ l 

qjLaiLI *}L>- AjjIjJI L«JLtil Verba IjLs* l^aW ^ ^zoj j 4 ^ ^ Moysi 

: (r * v) (r_ n) JSLtJI >;i i Ji Li' 


6 lfL ZH J! xuil ZE yji\ <Ub>Jl» j ABG Salil ^jl^l LJb Jp ^ 

Jail ^J_P ^3 j_*^Jl BZ ^La-JLJ| c-5 jJp 4 Z 4-La_SjJl Ja^jj Jj ^Jl UlA J-P cJ j-^ail ^Zjj) La 
4 (BD ^ U jJl <J1 jI 3 a jjljdl Ja*j£ £-a BG Jail ^JaLitj 4 E 4 JL 4 JJL 4 LA ^ 

J^Ikj ^L>- 46 ^jIjJI Ja BG Ej ft jjljJl Ja^ (J& Z jJ-P eliL^lbj 

jJUl TE Jp TS iiJaiJl 5 ^5 IjJI ^LJLJ ^ jLAl ZQ i*ki)l 
.ABG AjjljJJ v jiiail vlJUl ^ J DBK ijljJl Jp TE J ^jl ^ll MK >i!l 

l^Ju^-l ^yJI S jjIjJI jJ Cr* j 

cl ^JLil (Jjl 4 4 >L« (jjl ^3 ^») I -La Jj LLj^ . aLwP <— dJL^JJ (Roberval) 

l.jIiS' ji^4 j ^JJjil J jA>j Liber de triangulis Jl IaILpI ^1 ai-p j^Jll 


^L-t ^ LIS' ^jJL l ! j L* jS\ 5 y ^ ^ > iKitab majudhat (Y •T') 

■ 

Sir Thomas Little Heath, A History of Greek Mathematics, 2 vols. (Oxford: : j la 11 (Y * O 

Clarendon Press, 1921), reprinted (Oxford: Clarendon Press, 1960-1965), vol. 1, pp. 235-244. 

. Communia Mathematica : 4jliS ^ (Roger Bacon) jjSL y>rjj V— 1 v— ^ 
Clagett, ed .,^ Archimedes in the Middle Ages, vol. 1, pp. 223-367. : Ja . II (Y • T) 

.^1 J OU^JI La (Y • V) 
.T1A - TIT f j0 1 \ l <Mjtl jJUdil : tiJL-jP^S ftUapf <_£JUl Jb^all J ^ (Y * A) 


V>A 




a . jsLiJi 


<J • (T Liber philotegni 

01 jLii-l nJjSfl {j-f- ^ i 1 t jLj J_>- 

Jai- Jp L ikiJl LN ( ,.Sr..,..U 111 

^U; julp E iliJl Jp ILLLLj Z tlll> 5 ^Jlll 
cBG p-yl**Jil Jailj 3 yljJl «k>. 
$ BZ ^*1* JtJl J| o jjIjJI ^Ujl! LjUll LO 
JiliJl) J jSlI J^JLJ -U-P yiiJI TSE J* IJLS^* 

:((t.U) fij 

Or* y 0)1 tij ^yj>y_ J~L> ( _ r aJl j£i j 
11* J-llj . (Y ' ^Is^Ual <_iljLI V 
TSE ^IpIaU jJtLi! *UJL> ^»Jla j LyJbj* ^>- i ^ ^ J p 
J l y» t ( \ ^ c V) 4-* */3 a ll y> yo£-\ IJl^. I jiTli t a jjIjlJ! TS 4 n la 2 ll J^L*J ct*y- 

I jjb kJb j yll ^kUll Jp Jl *IjJI iJl* y ytl JlaJ . Perspectiva 

l*iULI SJLSL5I olt j L < ^y oJLpxJ ^JUl yijJl JbLiL^J ULLLl^ (Alhazen) ^ t * ^Jl y\ 
Jl y Jb V ^Sl jJl IJla . (Royal College of Physicians) jJbJ y 

SjU^I y& Jb LiU-iJ . olyaJl (JIj£- ^y lyy>- LpxI a (jlS* ^yl o| >o| 

J-^-l (1)1 J} fljLiNl jJjf-J La*5^ . 4UP? y J| jl {J y (— flJj-A Jl S.3j_*Jl Jl LsAjI UwA 

Jl J| Ji>ol ci-iJl tDe triangulis u-jIiS' <*JAy Ojjl ^ (a^jIjJI iljs) ilt—II a J l^J dJliJI 
y y jJL-o-i' Jl ( \ t AY c i-JjliJl) yJLlJ| J y editio princeps 

. y MaKio Uy>- ^y\ Jlj l Perspectiva Jl jSs by y c(ljl5y 

De triangulis t^JJj^ J^-p Jp y ^y-J FerZ^a jiliorum Jl y\sS jS\J yJJu ^ 
^^JLi^Jl *yU ^y t c jAaIL yldl 1-by . bj£~i y~Jj cJ^ 

Ly (^^UU jJLp 2^1 jJl j yi I) ijit Jll yjL y B VTVV LiJ^Ul ^ ^kl! y 
inquisicione Jl y jl t «Pseudo-Bradwardine» Jl <y j t dJll# jl 3 yta 

SjLiVl jJ^j . (^*>L^JL! jJLp ^^Alil yLp ^IjJl oUjaII) capacitatis figurarum 


_ to 


cr^ 


.t 


£" 44 


.nvv . nvt y c \ jjbki : yji (r * <\) 

D jJuail ly t oL>-Ll^l*-VI jJaJl tZ>e triangulis Jl c-aJj-a 


.rrt . rtr 






. mihi nequaquam sufficit dicta demonstratio, eo quod nihil in ea certum reperio, ( T \ * ) 

. (®wL^b I aJ Jb»-1 V i| jbbyi V®) 


.y\ - YAj Y1 


Yo t Y * _ H y 
. YA ^ . *\VA y 


l l 4~Ju jJu^ail ! jiaJl (Y ^ \ ) 

^ 4 4-iJ jxA\ : Jill (YU) 


vn 



yJA Practica geomeirie Jl j (y y yS) Verba filiorum Jl y y> j^aJl A>LiJ Jl 

Ojj?*) aJ j A IL j 4 6jj|jJl o-l <y { j/ 2 ~‘C UJ (^\YY* ^l*Jl) 

yj;\l clr ; -l a, J ^jp cL-3*-JJj jl I? J ^JSxil A^L~lj 4 vtJLtll L?-LJ 

. ^-iCJ I oL^L jJl ^ILp Jp Jjl> ajULiJI Up j t 

J> (nr) <p}U -V LuJ ojiil o-L-i VJ^- 11 j_h^ ‘J&l Jrr- (> ‘UJ 

^ ((* ^ * °) ^j~+-tj-^ J* jU jJJ > 4 r/w me trice practice compilatio JU oLaJj_4 
jl* Jl y~) (Luca Pacioli) J^iL li jJU Summa Jl *y\sS yj 4 jl* y 

(Johannes jLaJjj ^JLa jJ ^jliSfl (_£jl>«Jl » — >L-J-l ^JLp y j 4 ^JUL * yy jl 

(Pierre de la Ramee) ^IjV y jL_> Jlap UaJ lLLIJlS ' j j»L*Jl) Widmann) 

i L y y yJ Verba filiorum Jl jU^j jU y ^ (j» \ 0 A*\ j»UJl) (Petrus Ramus) 

• jJt+ fr ^>oLJl Oyi ^ I £y o-Lp JCp a n aJLa L/aj I »L> 

A-ojjJl oLs^jiIl jj^ Jp * jwaJl *UJJ 4 aJLLJI *y - jll oIjLipVI y 4 L) JU^J JuJ 
y-yt ^ 1*^-* ^r*r ^ 4 ^a-J* jl j yjA&y 

<jL ^Jl ^JluJl Jfl-Jjj nX2 *j JL5 4 A-jjjJl oLflJjil J^L>- y 4 \-J y]\ jL 

Jp oLs^ jjJl jji jLai 5 L ^liip'yi jl . ^jyj-i L^aip ^ aj jjjll a-pI jJI JaJj jJl JUu 
4 U jL>- ^JJI 4 jyt* ^dl jp JU-pI 6 jJtJ ajJj JJ 4 ^oli Iki J?Lj jVl IJla alp 

4 j y*jjS j\ j*>- jiS' ISli . LfcjLLo J 14:^1 J| fiLiiNl 4jaJJL> jl )aah 4 ^Jjl» 

yj^yj ^^ a jsl oLaJjaj ^-<L ydL Ji 4 jr^* j-^l f^y* y> ( y a^P\j 0 

j J jJL ll { y <-J ^jjl cJL*_>- Jli A»jJ-J»^Ul jjJl jli 4 iy^j 

A-^U>-j yj~+A \ j jlilj * >LzSCJl y jS\ p C-jUJj» Jp ^ jJU 

d*jUj 4 «i-Mijj ^ JL?*Ij Aj^liJl y *LJ i y j£jj tyLy’'*! ^ y^\ 

yy y jj-^ y ^ yd\ - (jJaSJl j <jyj^\j y ~£~ I y)j ^LJl ^ dr^'j s jp 

y^pS a jy j»li ^jjJJlj t L*»a ^ )1 Jp y*\y j-JlJ jl^ JJl jrj-AljJl Jp’ 

4 SjjLJI yuu 4 Xa L (_^JJl jLU^/l 1J-A y 4 LftJ^L® . iXyyjS j3 jl^wf* 

jl) L/^r de aspectibus Jlj Liber de speculis comburentibus Jl J-JL* oLLlj-® JL^^| 
aj-* JjS/ Aj*^* jJl £-d*l j j-A j j-*-» jJ jl^-w?- jl a 5 jil | » L - ^J l ( Perspectiva 

^jJajJl Jp ^ ^ jlJJJl jliJ^ll ^jUJ oJJjll 

jU- J-^ij Liber de duabus lineis Jl y jUjll jl JL a J^iCi—l JLaJ j . (aJ? j ^^1 
y yJLifc yfc jj jUl dL^jJbjiJ JisJl i?t>Ul j-® 4j yj» y j (Jean de Palerme) ^ ^JL 
jJLp ^li ^1 4j^L^ ^JL y> yj 4 ^ T T 0 J| y. t (Frederic II de Hohenstaufen) 

^ l» .(^*>uSllc 4b 4a j Ja^Jll p Jli) 4 [p(p - a)(p - b)(p - c)]* = o-LAI (T^r) 

. j_j jmJ a2jL> JL5'ldl» j\ ^w../?l l jjjjl 


VY * 



(1) jl Jl j-J j ^JL T *1 (Guillaume de Moerbeke) clLj y> 

Juo aJ <. Speculi Almukefi compositio *JL* jJL i^L-*JlJ j JLp ^JllJI 

(^ \ T V * ) jJLljj vJLiLdJjj^a JJL* L^-WLyjly j) * ll fll-A ^1 L>jy j* & 

ULiJj-i fjli j-ys>- Oj_^L*-^j ^lo) (Jean Fusoris) jL>-j 

(Jean Muller) (Regiomontanus) jJLl) j-« j-?£j) ^ jl 4 (Giovanni Fontana) 

jl . (TU) ^LJU ^JLp ^LJI OySJl oUJ>- Jp u^b \ £rn) 

*—■* I jJhS' j j-flil oljj 4*A»jlll 0 j-A 

. Lj- a Jill* cJ15 i LIIp L f&j j*j* OJj ^ jJL>JLj LjUu 

^|p Mjl jyglil (^Jlll i *L-iJLL$Jb OjjiJl jL ^5iJl 

VL^aJl *>L^ai>a Jbu U-J ^yL (Quadriuium) ^LjJl jltl ^ j-p 

** ***** ** .♦ * 
oJla p j-s^ • L*U*- L^Lj LaAp a^LjlpL> 4jL ^L a J l 4++>\jJu 

j oL^Jl »— > ^*Jl oL^LjJl p-LoJLp cjIj^L-aj jL^j! jjJj ISli ^ $ * > d)l 

. (n0> o k-^)l jjyUl ^ (IUJI J tfJU* til 

XujjJI ^ i^JLJI oLilJu '. ImaU*' 

^JLp ^ jJI J* jJai-l j 4-LLJl ^UUll ^ U jb>- 

pjLcJ JjyLJl J~^I>J! t5^ t JL<^Jl jjjiJl ^ 

U jJill CjLLI^aJII 4-JLjj^Ul ol^ 6 jjJL>- j 

5 j-Q-Aj Q.d-w->‘ iillA t I j-JLp 

oL-Ija j . a Tij jl <YW) iJliJl V'. >' J! <>- >JI t> ^Jrl ii^Lkjl 

Ua < _jj >L»_jVi jt-lipl Lj_i c_*l iJLysSlI JLk>Sll jj-*V I oJl» ^ 


. t c 4 .... j> jJUdll ; jJoaI (Y ^ 0 

. ^JLiil J y^>\ jLiiJ! J (J. E. Murdoch) . 1 . ^ <a.Jloj Lil jU/ JL^J (Y ^ o) 

«Euclid: Transmission of the Elements, » in: Dictionary of Scientific Biography, vol. 4, : Jai\ 

pp. 437-459. 

. ^ Sj^5JJlI iij Jut-1 JU^SfL jA\ Ua j 

<_$jL?xiJl ^JlkJ j jjlj <i J* 4^a«Lm*V| <LjI ... ll oLJUjJI ^jJU L^ajI ^ jJI (Y ^ 1) 

^ Si jj>- jll t>bcL4 pJLJl lift j O jiil (JLlaj^/l 

p ■ LtcJl y 4 Ij -/» - ^ t ^JLliVl il ^y* »-y>- jLS" ^jjIj oLLljil 

• ^ l a «Ai jJl jj jiJU SJdUJl 4 J j-saI 1 * . tf . i . 5 JLaJ j ! 4-ijjjS/ 1 i^LJl ^ yilll! 

jl (Paul Tannery) Jjj (Jljul iljj y* Sj^^ill oI^-IjuJI L^Jli c->jl>»i)l ^1 ( Y \ V) 

. (George Sarton) j yijL- 



OjjJtl! ^LiaVIj 4 cIoJlM j+aji Jl ajIju Jl* LjJJI ^jJL«j| 

c _ 5 -^-3 1 A-UjjJl jLo-pbU -UjS LJIp (_^JJ| j^-tlll cJLllSVflj t^la^jJl 

JA J U Ip yti I ^adL (Jl5 JLii ddJJLJ . l*J s^Ull Jl JLpSM \jJS JJ; 

jSXi jlS'j 4 jjl^pJJ L-iJj-* ^»U 4 -~Jj ®j^A-U jl Jp 4 >1 JJ-aj jj* 5 

^ 4 I (_£ j JL*Jl (jU jJl JL-Jl ^dtJ L ^ i . Jj4^ Jjt * y?5 U^l 

Al^Jj 4 ciLt jji ^j- 4 4 4 jI ! ^ \ Y * Y ^LuJl jLa ^JLjIj j3jL j-J 

J . W - 1 ... A I ^ dJU Jl) . ^ j j j-s<aJl (j^aJI jJl JbJL^ 4 jS/ iilb ^Jap- 

La j^Ls^jo ^jp v_jLJL^j LaL»p 4 JLaJl <L~J^Ul oUJjll \£y*£~ La Jl^>*j LI y jl 

* 4 Jy? ^ 

4 LiSLj cjLS' 4 JJUj i^LJLJ jJLp jUJl (1) jJiJl c.J^lLa JJ 4 e_-> jjJl i^jLllSl Jull 
(Jjl Jjj^wLj <_$!) Jjiti J^d Jj <J j^ aJLJI 4p>-jjJl ( jj» <LbLc« J>- 4 K 4 la . J jj 
dUij 4 <Ljt£Vl 3 jJlLL L$_J j]a yj> JS^ ^3 J^LL^-VLj (jL>-l jJl Jl L^*}L«L*-4 

. «aLU1I» aJLJjj Aj-Lldl ^IJLpS/I Jjj-I ^-L> ^-jLjS' J 4 <jJ Jail *)}<£ Jl *1m AyJ> 4iljL 

^sUUl <m> aU&l J jJA ^ J*r£\ yl^ll & JjVl fjd-| l«J| y>ju L ^ 4 JL- ji\ oJu 
jfJLp ^^jLIjI J-*a^- (J— ^ < LsAj Ll-^g J Jajl-I J->*dJ C~s*2_ll 

(Magister Ll>-^j ^JL«il 0j£> ol Ijbf- J^j>JLI ^ 4 JI Lla y jlSJ j . 4*jaJ^JU 
ci jydl ^j>- ^ dl Lr J j 4(Avendauth) 3 jb jLpL^ jL.Ua.il y m Iohannes) 

SJLJLiJl Vro^ Jaii L5 _ (Iohannes Hispalensis) Jsrd)/! L^-jj 

c-jIiSUI Ulaj . Liber Alchorismi de pratica arismetice (LA) Jl <ySS y* j-a _ cJJLJl 

jJLp lj > UJI UjJULJI oUljt! ^ ^ VUT y^Vl j blj.pl J-LsVl j-a ^J-Sll 

jJlj 0 I>p J^ V jJl ol JLUI ^ JdUl VI pJLJ V LiSJj .^Jjl >1 V L^ 

Ijliil o! J iiJl 0 Jla ^ jl>J cjUjLI ^ c^J^Jl c^Li-L jLdl Jj 


G. Beaujouan, «La Science dans l’occident medieval :J jLull y~S y}\ y Ii5lto oj jj (Y \ A) 
chretien, » dans: R. Arnaldez, [et al.], La Science antique et medievale des origines a 1450 , histoire 
generale des sciences; 1 (Paris: Presses universitaires de France, 1966), p. 598. 

:Jk\ 4 4->yJl y Jkj*y I iy 

Andre Allard, «La Tradition du texte grec des Arithmetiques de Diophante d’Alexandrie,» Revue 
d’histoire des textes, vols. 12-13 (1982-1983), pp. 57-137. 

Rashed, : J^\ 4^jil IJLf) JkJ±\ jA\ y*j .U»Ullj jJA ^>U>- ^ (Y \^> 

Entre arithmetique et algebre: Recherches sur Vhistoire des mathematiques arabes, pp. 17-29. 
Boncompagni - Ludovisi, Iohannis Hispalensis liber algorismi de pratica arisme trice, : J*>\ ( Y Y * ) 
vol. 2, pp. 93-136. 

. IJla Jp V ( ^ J j ^ A44>«ll 4oJa.ll U L1 .^icL^I L^lia ^JaP o-Jp 


VYY 



t (^-LJlaiJI ^yy^LlI i— > 1— ^1 I P yp aj£\j i j jj^>+£. Jl ypj c 4->i— »w «^a J I ^IjlpS/1 

y iaJai c ^ y>4 6 jA ,j£lj — -L>«_j lij| y>- J c <y .. U tII v—>L— i-i ^J-P y Jjl— « oJLpj 
c-aJjII j! <J-p L$j— p o!jujl>*JI Jjljj . Liujjt — VT o ^ ( j— jjL LU jJa^ 

C-»£ <J-P JL>cj llL^J . ^ ^Ol jJLdJl oJ-A j-— *» (^JJl (_$J-LfJl <— >1— J-1 JbA-«JL^I 

j-*. JaJj I j ■ „/i i }L*aj c Exceptiones de libro qui dicitur gebla et mucabala jl jJLp 

oUL.Lt; m °j^liJl 1*10 Jl iJ> ajjJ-I JJ*i ^-jjl. >1 oVaUl LL^J 

. Aj^JLp 

Ji (Robert de Chester) (Robert de Retines) y — 1 y j^jj jl \ ^\& ^UJl jL« ^JL*J 

y *}~ , rj s ^ al Li jy y i^Wlo ^bJl y t (YY j+>- J i^-y ji>* 

_ \ \ £ \ ^IaJ|) J yJl J iyyV aa* y Jjl jb>oV JlaaJI L5j-« <Jl 

jy y ^ ^ywdl y j * (Pierre le Venerable) y ^II y^L yJLaJ <Jj (^ \ \ It 
<Zj\*.+0 Ij ^J l |1 Lp L^bwJ l&jbjZ ^J| j » ,fl.> 6»LJL— llj 4 am>Ij # <Jll ■ I t 4 a— 

JLjLp y yO ^^L-JLJ jJLp y.aLJl j yJl y (Johan Scheubel) Jjj-£ jUy <j^Sl 
aJL^Vi j*Aju)\ ij/i * * Sjlp yaill (J| oL^i ^>-S/l !j-*j . 

SJLp aJI i— jt (i^— L*— j ^\i ‘ («substantia» J-lu «census») AjUj y Si jlJJ J^\ jJjCj 

<4->- y*J * y 'b/ J (J y-Vl ol>«— jJl y V a^j->* JJ» jJ* ^\>[1 a 


M. A. Youschkevitch, JGeschichte der Mathematik in Mittelalter (Leipzig: : oL » (Y Y \ ) 

[n. pb.], 1964), p. 342; traduction allemande d’un ouvrage paru en russe (Moscou: [s. n.], 1961). 
IJla tU yll JL»pS/I LJ M ijYl jl .sjljlsJI OjU _^pJJ ^ £^l IJ> LSIjua* 

LjwJ*>Ul oL> yJI JLjJlP y cJJjlp j_a j «unitas est origo et pars numeri» JbJb^dl JJL« (Y YT) 

.(V\) yj JZ\ .^JLU> 

JUf Yj . l*JL£j yUl yJl il» y*t ..tfij yi; L 5” «gleba mutabilia» (YYY) 

(jl#) «que res» ^ Yju («^>y uij— ») «queres» : jj-Lill ,yJl LiJ y y^ y Lya.J 

yJii - j . ^Jl ... («o! yi iJL^») «tociens» ^ Yjl ^S) «tocius»j 

. (Version I) t jjS/l 4***n\\S * -*« ^al)I yi jp j L/t Jl olJ? jjoP <ia^l jj S^LaJLl oljli»«il y^ 
aut que res ‘ (x 2 +px = q ^t) Aut que res cum tociens radice sua efficiat numerum (Y Y 0 
aut que tociens radix cum tali ‘ (x 2 + q = px <_$!) cum tali numero efficiat tociens radicem 

. (x 2 = px + q ^t) numero efficiat rem 

Muhammad Ibn Musa Al-khuwarizmi, Robert of Chester's Latin Translation of : J&\ (Y Yo) 
the Algebra of al-Khowarizmi, edited by Louis Charles Karpinski, Contributions to the History of 
Science; pt. 1 (New York: Macmillan, 1915), 

. L;Wi La Sjyiii 

.(Y) j*Jj y.Uj t _ AA jj jJLdil :_Jaj I (YY1) 


vtr 



jl cJI ^^ pVI ^Jp J-aJI *(Bjombo) j-Jjjj>xj oUa->-^L» JLl# 4 <_£ y-I 
;o^ o — ; L >*jlj o ^ij ^ (YYA> j.\ArA (.uii ^ SjytJii iiiwi i^_JU c^J>5 
j*-^yll J-* J-n^s-aII ^a « l l jl l>«-stflj j-Lj ! t AG \ ^l*Jl ^3 SjylJ*4j AlP ^»>- ^JL&JJ 

. ^ {j* (_^JL!l ^^*1,1 li^l>- lOjjJl ^je> 

Jl 5CJL» JJaJLkJl ll>- jJ Liber Alchorismi Jl 01 (J J >\ I Jl~_*- J_p Lj^IpI lilj 

<wL>*< AA jli 4 l ^ * A JjSfl pjJ-l 4— jL*«fc^-l JuLfeJ A*«uL >*Zj» AP y^ji- 

J&j ^ VJ^JI S^lWl l*~ Ji-j ^ J* jtiJJ ^ j-^^» 

6 J-A ^j£* 4-j| j 4— *»lj^ 4— >L P ^3_J . Oj^jj£ 4Jh jJ CJj JL*j l^IP-l jl 

^PjJl Jp 4 JjS/1 4» r /a.ll jl Jl SjLi^l Jaii LlSC^j ^y<Jl ^ydlj L^U'Ap ^ j ul/)Wl 

aJLJ J 4 —jLJ| ^j\^AMk>s 4 tJ I ^Pj ^ ^yJl » ll ^^P Aip ^>sl^ tjj i/l I >Ia 1 j 4 Lft j » /3 3 
Jwuj-^Jl ^ 4jl 4 (x 2 + q = px) (aJ jJLill) AJlllI aJ^U-JU jil JJ Jill ^yi 

: aJUI SjLaJL ibUil J^ aJUI j oil)! 

(!)’>, VJ >..-S ± [(s)’-,]‘ 

I ^yJl yaJl l1UJL£ j AilllJl j 4Jll)l 4*y/a\\ AjjbS-l ^JUl Jill SjlyJl ai-A oJLk JLaJ j 


Bjombo, «Gcrhard von Cremonas Ubersetzung von Alkhwarizmis Algebra und : Jail (YYV) 
von Euklids Elementen,» pp. 239-241. 

Libri, Histoire des sciences mathematiques en Italie: Depuis la renaissance des : Jail ( Y YA) 
lettres jusqu’a la Jin du dix - septieme siecle, vol. 1, pp. 412-435. 

. ill till a 1 walls' jjSXa ^yJl I JUa 

Baldassare Boncompagni - Ludovisi, «Della vita e delle opere di Gherardo ( Y Y 
Cremonese,» Atti della Accademia Pontificia dei Nuovi Lincei (1851), pp. 412-435. 

I (^jjl _J-1 J~>- (jjyi>*lll -L>) iitoJll I'.Tw.lg ^ K> ^ jJL~m Ijb «X>- lyq-x i7 Jlj-Jl (YY* * ) 

jA*J (Jl oL^VL tj-lLil 1 j 1 { £ 4-J-JN a!» jJo_P a jJLp tJjVl l al jJLP iiJLlJl 

aJo jJa_P oJL>-lj 4 J 0 jJaP Vl t-3 j_nJ V ,j->«J t Jjlillj . ujaJjil ^L>»j t <JLP oUL oUpjJfljiJkl 

. (Boncompagni) ^L* j&j* U j-U ^1 iiu^aJl Jp ^ ^ ^Ul 
^^aJl) «res» j (mal) ^Jl ^ jS> JLiii ^jJ oU.Ua^ill ^ IjlpL; Aa*-^ (YT* N ) 

^Jl ji->- . (<->. : a\’> j oJUJl ^yjjJl) «census» j (jllJl ^yajJl) «substantia » -j j (JjVl 

la» * jp ^.pj ‘(cUHll ^^aJl «res» jl «radix» j j c(a 1 UiJIj iJllilj JjS/l ^^aJl) «radix» j 

jt «dragmae» j j (dJlllI j jllll jUaJl) «drachmae» jj (J jSfl ^^Jl) «numerus» j (^j^) olJb- Jl 
oJKJ JjVi (jaJI «res» i^JLJ j jiC; jl ^ Jl» . ( jJllll ^-11 «unitates» 

jJ^JI ^+1 .UJLp ^ Ulk»f ,ji\ t «numerus» iuK j jtj c <1 yP 4-^5 y- y jjl _pJJ 

iuJLS’ y oL-l Jit ip* y 1 4 J yjf i-^5 Jp aJVjlJLI (f-^,-1) «res» ^^-JaiiyjJl j—-*iJl -U-» L*-J 

. «dragmae» 
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* jk. J (JjVl ySJj . x = 7j x = 3 1 ^jJlA-l (J! tx 2 -f* 21 = lOx 

: jJju (^1 u (jjp- j JUl Jill 


^>L*il tiS ^ 5-3 j- i- la j t (”) 2 = q tx 2 + 9 = 6 x 

* ** f ^ ( 

ij#LxJl aJUJJ ULo <iajU^» y-* p-p jJl J_p <. Ula J-lp y^Jj 

V j SiLj V A y*> jIJl^-S/I »/a) JJU Jill i ^jjl jiJLl c4j-*J 1 ^ ®^jl jJl 

aJUI ^7 a >.^a!l ( j-* J-S" a-s^L>- ^jLcL) obJl aJU- 1 ftjLft JL>«J Lit Hi) l 

• <tm f^l a-* f u * r f U i/ZKj*? . <m) ai2Jlj 

i)^^<ft»L*Jl ^yi-L t 4-JwU^Ul oL?r yJl (Jjl oJj 
De <Al£ ^ ^ jjj\j yk J-2i . o^ib £-3 j eJlli-1 ^Ul 

UtoLj Jibi^ ( \ 'j A t IV A^JaJl) G^LJJ jJLp oJUl d yA\ *JJb) numeris datis 

. (Yr °«jyU)l» l*lSbi Jl >jJ±\ c^^l oN^Ul! 4-u 

Rashed, Entre arithmetique et algebre: Recherches sur Vhistoire des mathematiques : Jail ( Y T Y ) 
arabes , p.23. 

Lij-MOlj i X**i . ^ iijJL* . ^ . J*J <1 JjM Sj-lJl yxJ y -L^l j J^j-i j yc- ^ ... Idi 

F. Rosen, The Algebra of Mohammed ben Musa (London: [n.pb.], 1831) : J l yj| ^ j— 

Al-KhuwarizmI, : Jill . jlJ y yJl j Ui>JLI 1 : > » . ! » yl y <JUJI a. L .. ^ 1 1 ^ yill yJl jl 

Robert of Chester’s Latin Translation of the Algebra of al-Khowarizmi, p. 76. 

([....]) L »- ; -a. : ... * ,jAy>\ y-; y ^^1 ^L»LSi! of j., 7 « ) t(Karpinski) ls ^L^jj\S 
Barnabas B. Hughes, (Johann Scheubel’s : J JaJl . ls±j^» (Scheubel) o^Lp-julS - 

Revision of Jordanus de Nemore’s De numeris datis: An Analysis of an Unpublished 
Manuscript, » Isis, vol. 63, no. 217 (June 1972), pp. 224-225. 

. (itJliJl A.w.yall) (Gerard de Cremone) OjyjS js jl y>- <*; j Lpy Ui*^ j 

Una radix substantiae simul etiam medietas radicum [quae cum substantia : LJLlII 4J«_^aJl 
^ jjb i Aj*-1 j jJL>«j i») sunt] pronunciatur, adiectione simul et diminutione abiectis 

. (®oLa5J|j s^L^Jl jl>-Ij jl ^y y *■■ clj jj| 

Turn radix census est equalis medietati radicum absque augmento et diminutione : £lli!l 

. (® jL ajCj o^Lij Ijuiu 4jjJUL-| l 6.**\ J^Ihj i iilS li|®) 

jjJJLI jJL>->0 Erit radix census equa dimidiis radicibus : UjbJll ilJliJl <k t ^a.]\ 

Sezgin, Geschichte des Arabischen Schrifttums, vol. 5: : Jiil t lly yl Jl. yc- . (« jyll 
Mathematik, p. 242. 

jJl>- LjjJ j j-Sw-O Habebitur proradice census numerus medietatis radicum (YYT) 
Boncompagni-Ludovisi, Scritti di Leonardo Pisano . I: II : ^iaJl . (« jjXi-l t a .^:\ JjLJlI 
liber abbaci. II: Practica geometric ed opusculi, vol. 1, p. 406. 

= Barnabas B. Hughes, Jordanus de Nemore: De Numeris Datis (Berkeley; Calif.; l Jail ( YTO 

VYo 



a-JU <^AiJl oViLtJJ J-«l£Jl y jjJl (jk \ T * T ^Lp) Liber abaci 4^hS y ^ytjli 

4 «L_j^-p Lj^. »t »a •* ij*L^-l 4 -jJ^LJ tL>V-Lll oViL*-*JLJj c^jJL^-I 

secundum modum jl yL*JJ 4 — aJ ydl JjJj . Uly4 Uyl 3JbJlp ili-Lj (Yrfl) oU~LJLl 
jVXlj Oyiijll y*i* yt Jp • * Yr ^jJUall Jp y algebre et almuchabale 

j+ef ' j j-ll jj Jill yJy® *Ljju c ^ y*Jl y j*JL( pJL«J 3 j5J aJjLLu oU-jJu 

4-J-wa-ij oLkj«-Jaj ^4 LL>-I t 3 yCaJl t iiA ^jb Jjj JL£ V yjJl j 4 

- \ H * Jl y ) (Piero della Francesca) J Vi £■ UUail Jl cJU* j 5iJi 

. ^ > oVil*il y* Lai yg j Ij>- 1 j Jb«J ^ Y 

y» jliJl jJL| y* JiCJ ti*>L-JU jJLp jtill j JJl y yJl j»JuJ cyiju Jii j 
jt v^jVL jl*io JjLJL y j^ll <*iJl!Jl *jJL»|j t^*ll Ll*j oU-LAl i— y ^Xll yjj yt - 1 
^iJl (^yJl yaJl y £*J ^ L-jjJ J * ^.taiiyJLH JJj>*lJl JjL-u# yaju Up y ^IIajj ^JLj 

^ 4j 1 tifJJS Jl iiLs^VL i LjIj JLfl-li (_^y4 yi» jUi ^>y*yil ^j^oSj jl£ 

4i**Jl Lftjj 4 ^ \ \ f 0 ^l*Jl y 4jI ^*P . (yjjly^l cjUjp* Q& 4Jb yLa aJj (.£ y JlaJiaJl 

(Platon de JyL:Jl j 1 cyA-l J ajjV y Jjl jl *~2 ji yjj LfJ JJL>- yJl 
j*UI yV L/Z>£r embadorum Jl yj j»UJl Oj^JL y ySJ e-lly y Tivoli) 

J^Li y j t ioy o! ^ jJl jCJL*J ^JUl j (Savasorda) ly-y 

i V yJJ y^p jlJl <3 yJl y* ci-JliJl ^jJl y • y y* ^jliJ I ^y«JJ y 

( j£j ^t) 4jyJl y^lp fjjfi <yjjl IJLjIp <ii 4juJaJl y UJy# jy y ji jly>- y 
Jails’ y y j ^lj c-ilj.4 y o^U- JLlI j . yr ^ Liber mensurationum ^1 

jllp 4-s 4>L>* ^ ^yjjl yLI uJJji 4^jiy c jJl Oj ji . Jl ^ jJLmJ * . Ao * J| j->-) 

yiJj yJi ^-J>Ij JbJL^ LiSCaj V j ^oUVl 4ikll iljL^Sfl yp Jls A3>\ 4—lji lyUap} 

. ^ yLp (jlill j yll 4jI^ y 4 JL>- y 4 oJLL* 3 y>~S/l dJu 

yl j 4 L~j 43 j ya L5 k->* jJl jj yjl y yA-l y- 4jy*>UI i jf . ll l Jsl jl oJlS” yJ j 
Los Angeles: [n. pb.], 1981), pp. 100-101. 

<JL>- JLLp (jyjjl yJJ) 3jJL^-l oViLnil y* <— aLsaJI (Jordanus) yyl^ jy- (jJ® 

. or 2 H- 8 = 6x : il^UJLI 

. yiS” ,^1 y-Vl cjVU- 1 yj yjjljJ-l 3l*y £• <JL- y JjUai» (TTo) 

Boncompagni-Ludovisi, Ibid., vol. 1, pp. 406-409. : J*>\ (TT1) 

Gino Arrighi, Trattato d’Aritmetica, Testimonianze di storia della scienza; II : Jail (YW) 

(Pisa: Domus Galilaeana, 1964), pp. 85-91. 

H. L. L. Busard, «L* Algebre au moyen age: Le Liber mensurationum d’Abu : Jail (TTA) 

Bekr,» Journal des savants (1968), pp. 65-124. 

.m . ai y? cwi jjuaii (rr^) 

Louis Charles Karpinski, «The Algebra of Abu Kamil Shoja‘ ben Aslam,» ( T i * ) 



o J-A jJU C A*j^*J| y9 L-J A*^Sfl aJLJj ^ y+» aj N LjJbjtj <jl$^ 

j c 3!>LJJ ^JLp ctJliJI j yill AjIjU UjI yil ^ c.ali£ yi I jt 'Vl o j^JLlI 
t Ll^^a <1)^-«*p . L»Lp ^~l ^ jjijjijjSfl t— jjLaj L-» 5 jj^Jill cj L?* ji Jl jLiu 

ap y^t . il j ^jjjI jj-w y y^jj^r & e numeris datis Jl : a-^S/I y cj jUJ £• aJLM cfJUL" 
jfcUJl ^>-1 J,\ c ^ \ Y * Y ^UJI) j~j j * jlj jJJ Liber abaci <— iliS* yll a^LjJI 

yill j+0 LjJI ( j^ L*j 'ifj $ ^L>- A^jjjJl j^LsaII aJL**w» Iia ^jJajj . (|»\ YYA 

. oJbJLP <*L>l?*jl ^y^ y* <J ty?****^ ^ ^Ln<ajL *lp£^/l l+.»3 yL wn 

jJ 1 ^( 3 ( j^jlJ3| j^p _ o^aJI LajL^k jlaJ 

Liber de triangulis c-^Ll Sj ^ j-jj! j j_*J y y>\*j y^r J-l c^Li5 L_jJ_>- c— >■ 

Ji yJl JajljjJl 4^j-pjJl U-A JloJ (JjJ *)l LjLi C ^ S^ J l jJpj . ^J-Pjl! 

. aJLuAI (jl 

x 4- 2 / = 10 ; — = 4 

2 / 

U 1 JLlPj c ^ Y * '^^jjlj^JJ AilliJlj aJLsJI (jC.Ugj^Ul y JL>-I j cJj ^ la» 

Denumeris Jl y j cC^yJl ya^l cr 4 a*j jJI a^-j ajI-Lj YY aSj^JI ajI^) 

: JilsJ! Jp I4IP aJLJJ y c5 JUU y~± j?*i Uiu / Y1Y> (H cl aJLJlI) 

x + y = 10 
<ur) X 2 

xy = T 

De j-iU jJ^-i L» (J-*- ^ < '* .“l <!)L iil^S/l ^jp-yj 


Bibliotheca Mathematica, vol. 3, no. 12 (1911-1912), pp. 40-55. 

M. A. Youschkevitch, Les Mathematiques arabes VIII emc - : jiaJl t J^-15 ,j y£- y 

Xyeme s ^ c j es> traduit par M. Cazenavc ct K. Jaouiche (Paris: Vrin, 1976), pp. 52 sq., and Martin 
Levey, The Algebra of Abu Kamil: Kiicb ft al-jabr wa’l-muqabala (Madison, Wis.: University of 
Wisconsin Press, 1966). 

George : ^Jail 1 i)yt y yll <1) y jL * > frjyr ‘yjs y y> ^1 OVI LliJj 

Sarton, Introduction to the History of Science, Carnegie Institution of Washington; Publication no. 
376, 3 vols. in 5 (Baltimore, Mad.: Carnegie Institution of Washington, 1927-1931), vol. 2, p. 341. 
Al-KhuwarizmI, Robert of Chester’s Latin Translation of the Algebra of al- (TM) 
Khowarizmi, pp. 105-106, and Libri, Histoire des sciences mathematiques en Italie: Depuis la 
renaissance des lettres jusqu’a la fin du dix-septieme siecle, vol. 1, p. 276. 

Hughes, Jordanus de Nemore: De Numeris Datis, p. 64. : Joj\ (TIT) 

Boncompagni-Ludovisi, Scritti di Leonardo Pisano. I: II liber abbaci. II: Practica : Ja>\ (Y tV) 
geometries ed opusculi, vol. 1, p. 410. 


VYV 



: ilLil 4 UlSlft . ^ numeris datis 
x -h y = 10 
x 2 - y 2 = 80 

* <^^-11 j-4 Y o <S jjJl) J^LS* Jjlp Ui' (T * 0) (Y £ tl) ^ julp 

: JL>J cUjp- L/6er <z£tfci Jl ^ 'i j c j>«-U ol** ^xll ^ V l$Ji3 j 

x + y = 10 
(tn) 2 2 

jLjI a U* j 4 jj \ 4 tw .^>cJ Y A . Y V i II j\^LaJj i j-A U^UaJl j 

(Wertheim) ^ (Y o 1 1 c ^j^xJ ^Lm^I) 4 ]Lwa 4 

Liber abaci jl o L.J JtSl AjJL^j ^jial aJLJJ jl <_£ j . 

Ljjx^j <jl L j>- JaLj £ ^ l ^ v? jP L^laP JjbaJ.1 4 4 ^jJl 

p-$il j£}\ v— aJj^» jL <w-^waJl ^^3 . J^LT c_Ajjp® Jj. ^ l£ ® j - 4 ^LjL>*VI 

^ OjJaij fJuL 4_i^L*1 v aJji ci-Uij 4 G^L-^JU j JLp ci^U-l - j-^LJl j jJLJl) 

J^4 ^ ji 4 oLo jjJ-l j* Jjl Jl 

UJ j -4 JJUj De numeris datis tolls' jl . ^ Ja.;ej _>3 4 Jp 

^oLmJI l) ^aJI ^3 l)La^J jl J , Jp . ^**aJ Aia j L jJl 4P ^^>ll.l Jl LtAtbd Ua^maJ 

^ jl£ L 4 JJ 4 blJipl J-^flil * j-si> co*l jA jLill {j* (_$lj ^*>LJJ jJLp 

c-i.^ j ^Ul (^ \ o VI . ^ o * \ ) (Jerome Cardan) jbjLS' ^ j^j>J Magna • t >Li5’ 

^iS^I ojb 3 Jl>kJ Jlj . iaL*Jl (J jJ^-l 4 4— > j-*Jl 

Hughes, Ibid., p. 12. (TtO 

. 1 Y C 4^aij jJL^il ( Y £ o ) 

Al-Khuwarizmi, Robert of Chester’s Latin Translation of the Algebra of al - ( Y £ l) 
Khowarizmi, p. Ill; Libri, Histoire des sciences mathematiques en Italie: Depuis la renaissance des 
lettres jusqua la fin du dix-septieme siecle, vol. 1, p. 279, et Boncompagni-Ludovisi, Ibid., vol. 1, 
p. 411. 

G. Wertheim, «Uber die Losung einiger Aufgaben im Tractatus de numeris datis : Jeu\ ( Y i V) 
des Jordanus Nemorarius,» Bibliotheca Mathematica , vol. 3, no. 1 (1900), p. 417. 
Boncompagni-Ludovisi, Ibid., vol. 1, p. 410. (Y £ A) 

Rashed, Entre arithmetique et algebre: Recherches sur Vhistoire : Jail j* (Y H) 

des mathematiques arabes, pp. 31-41. 

Hughes, «Johann Scheubel’s Revision of Jordanus de Nemore’s De numeris datis: : Jill ( Y o * ) 

An Analysis of an Unpublished Manuscript, » pp. 224-225. 


VYA 



jilaal LJLp 4 ^j^jjj jlj oliij-* Jp J^llT (jJ (Jl-*-^ AlwJjLo JJl ^tlll 

^JJl ajIiSC! j (Y ° ji ajIiS 3 LiJtAJl a^* ^iU ULl LJJ 4 (j ^A-l ajIiSCI Jaii ^j-J 

. JjLJI t^iJjil ^ aJLp ^ [£ ^i5o jl J5Lio a.^LisjjJlII oVaUil aJ ^y> y^ m 

V S j j-p 4 dJLi jj^ ^ t ^iaxj Liber abaci U j De numeris datis JJ U ^5*Ju jj>*J j 

jJLp 4^Jllll 0 j-flJl J-J l5 1 J'^J| iwJ ^iJl ^aJLj ^lll AjAjjJaJl ^jp Ajj.JL1 .II ^jA jJj£ 

aJljL/ ^ U-L>j ^ts^i oiji>j)/i ^j-* <jij~i*j ^jj-^jJi jjjjjb ji luljs ^j! 

^ j-mJ (JJLj ^ 4 (j Vl J * 3 ji^^JJ jJLp ^jljJl (j j-aJI j^ jla ULb ^jlil A*-s^l jlll (jL^pVl 

JlaJj . ^jA-llll IJL^J JjVl ol jIaJI JjV 3 jjP A^lJ^Ul j^ a lli tl>*j c JL^i-l ^ JJ-aJI 

t j-P A^- j.^vllj 4 ^j-u jL» ^ ^ £ "1 ^ aJ^jJsl>JJ <jl 4 (^..JLl.flJl i— ^ j/3j-s^->«j 4 lllajk 

Jl j_>- JJaJJaJl L>- jJ Liber Alchorismi (LA) calls' ^jjlJ ^pS tJJxJLk j-*J 

p-^ww-Ju i J)L$CJl aJ j-$-s^ «— >L***^-I ^Jlp aJLuj j Jp l $« « p A_laj»la^*ll ^ ji^-j . ^ \ \ £ V* 

Lftj^l .ja..* J_P L*l j-1 ^ (J J_jj ^ la .»jJl (jj jJLil cIjLaJ j_^ ^3 ^-lil JlJLaJlII LjAl j-LP 

JSwj J^lil ( j-^jL A vrw a!> jia>Jj Uaj! a3ja^j^ aJLj jJI fiJLftj . Y Y ^A*jyJl 

*^JL* t Jj L»-*3 ^>Jl A- lwxj . ^ Y (jl j A-lJ'jLlI A-^ jJlU JL^jJI j.A ., <ql t Ii^jj Jl 

^3 A-u j-«-Jl ^j-jjjJL)I ^^3 f- j-ta*» J^j L*-JLm»»N I A^P jj Jp aJ^-^JJ aJL^j jJl a j-A lij^-L» 
4 CL AajjI jIJLpI U j*J> ^3 8 JjJLllI o JLpli® ^ V^ol^ll aJ jL^- J1a3 . L^jLJLiS'I tl»L|Jb 

• 4 d j 9 

bd = t Sag = k Sgd= z Sab — h 

* ^ i J*J!t 

hz = kt 

• ijCj-plsi-l N j I j^JlJ 

(a + d)b = h + t 
(a -I- d)g = k + z 

! Jp ^JlJLSV A-j^jJI aJlwaJ) ^ ^ A 4 VII ) A.«/? all jLkJCl^a 4j-^a4j 

z _ d f _ d 

k a ^ h a 

. c-jLJ-I ^ ujLM> 3I ubi' J ^jKJI ^j^p ^J^UI ^ ^a>dl L^iL (To^) 
►L-^SlI u Jlj lj») Omnium que sunt alia sunt ex artificio hominis, alia non... (Y oY) 

.(<... ^"^1 I L 4 ^ jL-jjfl Aj^A-jJ JLjIp a 3 Jjf jll 

.ytJi jLi iJL - ji iiiJii Ui*^ (Tor) 



jLa « J-a a >>>./? ^ ( \ ^ c VII) A.«^lll a] 

LJIj LIa * 4< Ju#l5 ^ dJLJl ^ ^>2,1 L» 4 j>-I j-s^? t c J 4_aJ1! 

‘ <J l^.wJLx L 


h.z 

~T 


k 


(jLftj^j)) 6 jX+AA JL^I |j JaXaaj J^jJ-1 4 -^JLhj L>*JL 


. dJJo JLaj . A !L.^a t ^jJa 
'. cJJjil £-*aj 4^* 


g.z=qj ‘b.h = tj Ha.d^kj < :- = z J ^ = g 

h o 

k 

.- = q <1)1 Jl Jva> J U ^ 4 ^J 

jjjiJl < ^3 oLLaj <5>-l_J ^JJl <. — > j»iJl <1)1 Ja <J Jj ( ^A^) J^il l J-A jl 

J « ll c— > Lwx J^ - 1 J^A>“ ^3 4 *j^aJ| LJLaJJJ «J 4 AjjLaLa jl ^3 4 LajLjI 4 ^JaUbV^Jl 

. 4. <■«../? i^lxJL.til o jldJ jA Ji 4 ^JL-1 J 4^*< JLJu\ 1 J 


Jl Sjj-S'ill AojJJl oliJjil Ja Ij-JlS' cij-A^j 4 Liber abaci ‘S jL dJLi 
^ 4--»jXll ^jJLdl j jiaJ j^J a-jJ ^JJl jj-JijJi jjjJl jSi JUiil . jVl 

jl j£j i—ojjZj ^ 4 jL~jJl {ja aJLj-U o jJls JL*jj 4(fW<W ^UJl) (Cossali) JL*^ J Ll*j 
j^UaII ( jA 5 Jb ji*Jl ^JLjLI ol jUiJ Jl S oliJj-a o jLil jl5j . jj jJI 1 ^SJill 

j! UUaj . j^Jlj JaIS >jlj (^jjl j^-l ^UaSilj j-fJaj 5 ^J^-S/l flJlA ^ ^AjjjJl 

aJuW? j A-JaJjjjjj L)J j j+A*S 4 6 Jb J a o3 J-P-J jjA *JL3 <— ij c-aJJl! 

cJj-nAj 4 AjL# jJ_^ j^U^-a ji ^^1 y^Vl 4 (rflV) ULLL>lj (Provence) ^lij^Jlj 

3 jJl IaILp ^jJLj 4 j . <Lp ^llaj SJuJLp C-JlS” 4 ^aJl ^ jl aJl 

^^j-sAlll ^ U^UaJl 4 XJu^A> Jl3 oLa jJLJll oJLa CUjIS” lil La AJj^a J-bcil J jL-jJl Ja 
J <us^* jLS" Ji j . <JwJ^VJl ^iJl j! aL ^ ?S/ 1 


Hoc etiam monstrabitur ex eo quod dixit Auoquamel in tercia parte libri (Tot) 
jJLl <AiS ^ ^JUJI Pj^\ ^ J.IJ’ y\ Jli L. u- — 3- d j£~* Uut Uu oLfcjjjO gebleamugabala 
. J-*l S 0 \ c-iJji Ly jiJl ^ J*p J$i Jjl jA i jJU L* Jp tlJAj . («iLliilj 
Inducam probationem de eo quod dixit Auoquamel multo faciliorem ea quam ipse (Too) 

■ (*a* j* 45*^1 ^ o* J^—i i Jal^ y\ JU li UU^ JioL-») posuit 
Kurt Vogel, Ein Italienisches Rechenbuch aus dem 14. Jahrhundert ( Columbia : j-la-Jl (Ton) 

X5U A 13) (Munich: [n. pb.], 1977), p. 613. 

Boncompagni-Ludovisi, Scritti di Leonardo Pisano . 1: 11 liber abbaci. II: Practica : Jill (T o V) 
geometries ed opusculi, vol. 1, p. 1. 



. Oj^jjS js jlj^^ y* Ajf * j-iJl oJLa ot ^J-p LL+^w-i. J.I olj^l Jx: vi_>- 
4 i^Lii iujjJl 5 jL*Jl d)L^ jldJl «consideratio» j «regula» jliJiiOU 

y[£Ld\ <_$! L#er ofaci c-jIiS' y JL>o V J . * Y ° A \sli ci jjiaJl ^ dl JUL p 
oL-k»lji LsOjI cJ^J . AjL»S/ 1 SJjJLJLJI jJ5 jl AJt? y aSj JJ t jr? J 

JjUaj (M. Levey) yJ . ^ jS'i Jiai . ^ J-alS" y* ^jb Jp Li 

. ^ y *0 ^Ll t*LA y 4 ^ y 5 Ajbiwuft « «» Pj t 

Lj jj«Jl LJKJL! ^JLjL> jm 5 L$-*3 4 ^JjL-Al y* y-\ aL .. 1 . m 4 1 JL>cj LJli 

J-JL V Uj ^^1*11 li-fc j census j (JU auere i &-*: yl\ 

. <y " ) ( 2 x / 5 + ^/f -h \/| = x) aJLJI y 4 — i; Jjill - (YV) J^ y JjJLl 

Jl>- JlP c (_£ jJ 4 ^Sf j lA’** 3 Liber abaci y\sS yd LjU li^i 

! AiIJpcIm*! LL ^laJ j jJLsA^JJ ^ «pl i^Jl jj^JaJl 4 fl 

j*-£i 4^ C ^JI J^Iju lJLj ^ a *£ u jJLp- £• c5j*W b-U I^Jj® 

ilJlj jJL ;►■ Jill s a *0 » jJL>- 4% VL« 1 «La Jl*^-I I -La 

jJl>- j-A IJLaj . clJWi jJL>- v 4 «,<3 « 1 1 jJ L>- 4 Jili 

4 tlJLJ J 4_— 4 LjL»-J jJL>* J 4 cl—Uj V^LsAjJ P c _ 5 — iJl J 4 

. (0 . \ "l) J J5LJI ^lajl 4((^J»- jl\) L*J yill pp iJs y£j yr j) • <Y1Y)ft Oi^l 
Laj ja ^0 . LlIj jJL^j Ad, j j jb>- j oj^ J l>- oL^l aJ^Luj L» lilLA® 

^jil jt— “jl 4 Iaj J ibu dJj s 4 .,^a> j*i>- 

^ ^ j-,0i jJ^-j 4 dg L-Lll IJla y {jD^rj 4 ^ 

jJl>» j« >0~j 4 (jL-JI cp ^dJ 4 1 JLSCa . b f a>-LJlI v^-Lj 4 c/i A>-L-lf 

jwl »jai 4 9, i ^y 4 dU 1JJ . |*-Aj^ v^Jj j*L>- 6e j 4 — i 

A***j ^» j ajoj! 0 Lp J /* - * Am^Lj ) JLa • d-JllJl j JL>- ^4 twL^ajJl jJLp- ^4 

N. Miura, «The Algebra in the L/Aer Abaci of Leonardo Pisano,» : sa 11 IJL^. ^JiJl (Y 0 A) 
Historia Scientiarum, vol. 21 (1981), p. 60. 

Levey, The Algebra of Abu Kamil: Kitab fi al-jabr wal-muqabala, pp. 217-220. : (Y M) 

Boncompagni-Ludovisi, Ibid., vol. 1, pp. 442-445. (Y Y • ) 

Est quoddam auere cui due radices et radix medietatis eius et radix tercie eius sunt (Y Y \) 
equales. Pone pro ipso auere censum... 

j^£l\ aJ (Boncompagni) ^L* aLLj ^li ^JJI yd I *1^*- 4 i iV y> i<du j-Lall : 

LjJj y U^UaJt Liber abaci oxP <*.Jo Ujj>dt JLil . i>j ^loit aJL-11 LJ N j JoXmJI y 

LjyS\ jiLtfU-j ji yjk jUaljL L.lail aJL* jJL jJ <, ( j£3j ^ ^ jJl <ij jjdl olb jjopJll 

. aJL.15^1 JUpS/L 

, b AAtijjl\ J '“iV 4 ijji\ ly> JI ^ I Lj*. 4J.IS y\ : 1 (riT) 


vn 



a f h 



<J-pj jX>- ti^j 

^1 i^pll JI (^j^ Lgr^ J^r 

. (Y1 %> II 

t ciJLb ^1 ^mO ^i AjI t Lj ^.- . . 9 « <^»l 

^JLiiJ ^ ^P ciLLu-j ^jlJl A3 J*l\ i L>- J jJail aJL-11 
^i ^yp L 4 IJlaj . O t II i(Jj^aSl\) A-jj_*Jl 

aILJJ aJlf- La-J o ^ulj jl^»| *)! t (jJJS ^JJ! 

eJ U p oU-LAl j-Jl IS^U^l J^-iJ ^ ^Jiil j L*j*aj 1*5^ 

ZJ&er c-jLlS' ^3 aijb JJ-I A-Ajj-U . A-JLsA>l <jUfcl j-> ci j— 1 ' 
£*J>\j}\ j-uliJl !i ^A^JaTt c Lw>x ^ •. ^ la 7 ^ L^i j£ ja ^%-p jJl ^Js> abaci 

j-- J jS/1 i. a »/7 \ ll) (Jean de Murs) j j-a j3 jUL Quadripartitum numerorum ^aJj-a 
^ ^-j 1_JL_) j_>a ^J^-3 J-A <Jl on— «—*-..* Vl *il^_!l C ( 3 ^ *- <> 1 ) ^ »i P ^jljJl (j^— aJI 

j3 L* ii w jJl; 1“ UIp (J jL>uJL! jjfcl jJl ^s» ^Jl j / YY *\Regiomontamis) 

Aj 3JL*J| oVelull ( J^~ <1)L^ JLaU . A^JjjJl ej3 LsA* J j-~^3 ^J - ^J A-^?li>- JjLp 

Aj^jJl ^ J l.«-43 . Aj3JLaJ| j_j.ksM ^1 j-5^-1 A ^ Lj i3Lw*iu«^/l JZJL j 

I Ajc^saJI AflJjja> ^~jlSvj jJL>- ^| ^>*1^/1 AjLS^ ^jp *djJlP 

v^a 3 4 - r = a 4- 


(6. H)^ JSLiJI 


3a(a. -{- l) -j - 1 


A3 j jAj* AitjvaJl aJjbj ^(3^L*Jt! jJLp (jllil d)j-5-Ji (jttJl v jJaJl 

! c-aLi^-j (^ *W o) j y */ x \* *A1® JiNl ^Jp 


3a 2 + 1 ' 

a JL w^JLj ctLlJuS ' j (^ \ • * * ^L«Jl) oil] jL-»i A^JL>rnJL^l C iJLft 1 (w^j-AllIj 

ciLlii'l *>Ui 3 Ip l J43 . (YYn \ 3 ^LuJLJ jJLp j jiJ!) ^ j—j J l 


.Liber abaci t->liSG 5^ i* SJuJL>- i uJ -UU : ^lail (Y'lY') 

G. l’Huillier, «Regiomontanus et le Quadripartitum Numerorum de Jean de : Jci > i (Y 1 ) 
Murs,» Revwe d’histoire des sciences , vol. 33, no. 3 (1980), pp. 201-206. 

J — 2 — J») Inueni hunc modum reperiendi radices secundum quod inferius explicabo (Y le) 
Boncompagni-Ludovisi, Ibid., : ^1 . (« Jju UJ U jjJLi-l 3 U^ Uj^UJI oJLa 

vol. 1, p. 378. 

Youschkevitch, Geschichte der : ^JaJl t (Youschkevitch) Jl : . .jl. ^L; c/ -iLp (Yll) 


VfY 



LaJU>-i jSJu ^ JL>- ^Jp ^iJl 4+j jj»Jl j3-a JL>-I ja.A3 ^ J- ^..xJLwxl 

jl Ji->«JLlJ . Jlj_~Jl lJUb ^j-P I LJL>- V Jli y a^-Ij-s^ 

1 6 jJL-mx ^jjJJl jjJl (jyaJ^il LLs^ls j LLsAi 4 jLJU ^Jp c-J^ jp oL»Ij3 

IjL^ar^l Vl ^JLlU y + J J_>- d)l d^>- t( A^,ia ^-1 CjLaj H alil)) aJLw^-4 ^Jp L> IJLa ^ 

4-^-JJ 4-Jp jj-AllI Jj *)} I <j£lj * |» ll U"^ 

jiUU ^jAiJl y>\sS £-1 jJL> jl jlS'Jj ^jLJIj (YnA> (Woepcke) 

jl J j * L/fcer abaci Jl y L-i c S fj\ y>- * yj» y bJLsf i^ljjJl 

ol^LiJ Jj JjL—4 ^Jp <_£ ^^Jlj (£ j 3 oliJj^ 

• ^ j yr oliJj^ ^4 

^^3 e_-> j-*Jl ^^3 ijj-J^l oV^LaII y* Ls^jIj 1-LA J Jfl d» jl y j*£jLl]\ Nj 

tjr^ (• yjj^ jt 9 ? dl oliLli^Nl JjIjI jJl jj j-aJl 

Ars Jl y j 4j3pUa ll A-jJCjjjlJij oV ^La-o-LJ oL*Jl J jJJ-l 

j±* (btJliJl y> yl\ oUJj^i . (Jerome Cardan) jtajLS' j* (^oto |>L#J|) Magna 
t jwNl (j S ji oIS oIjLp t£ yj- cJ^$\ju> Jp ^ yj. JL3 ^yJl 3*>LJJ ^JLp £jl jJl j 

i ^jiii ^ . jS/i (ji iju>- a^jjka j£> 

ax n + 2p -f- bx n+p = cx n 

*£ yit N j^LJ Triparty uiJj-- JJL* 3t>L^JLJ jJLp j jiJl ^4 oLaJj^o ^ oJ jp 

(Luca Pacioli) Jj^-iL li jJLI Summa l^Ll 5 jl ^ TV '\^MAi j»L*JI) (Nicolas Chuquet) 
^^LJl j j-aJl ^ ^^Jj^ S-Ip ^ ^jpL^- J^SLJLjj tjtJ j_4j / Y ^»L*Jl) 


Mathematik in Mittelalter, p. 246, et Rashed, Entre arithmetique et algebre : Recherches sur 
Vhistoire des mathematiques arabes, pp. 153-154, note (3), et Sharaf al-Dfn al-Tusi, CEuvres 
mathematiques: Algebre et geometrie au XIT siecle, texte edite et traduit par Roshdi Rashed, 
2 vols. (Paris: Les Belles lettres, 1986), pp. lxxx-lxxxiv. 

Rashed, Ibid., p. 234, note (12). : J^\ (T IV) 

Franz Woepcke, Extrait du Fakhri: Traite d'algebre (Paris: [s. n.], 1853), p. 29. : J&>\ (T 1A) 
Boncompagni-Ludovisi, Scritti di Leonardo Pisano . I: II liber abbaci. II: Practica (Y14) 
geometries ed opusculi, vol. 2, pp. 227-279. 

cj I jL^I Lfljl Jol\ . «Flos» Jl y ( x 3 -I- 2x 2 + 10a; = 20) ^t>dJ iLU* J5 1 L<»L- (Y V * ) 

. (5jLL«* Lj^P oLiJj4 I^J>* t ^(Jj^ ^JjJ Js» j-i) IjAI <ujju J JLvOJ JLilj 

A. Marre, «Le Triparty en la science des nombres,» Bullet ino di bibliografica e : jiaJl (YV ^ ) 
di storia delle scienze matematiche e fisiche (Roma), vol. 14 (1881), pp. 807-814. 

. 2x 10 + 243 = 487x 5 : y fl ihU\ 

L. Pacioli, Summa de arithmetica, geometria proportioni e proportionalita, 2 vols. : ( Y V Y ) 

(Venice: [n .pb.], 1494), p. 149 r . 


vrr 



C5* oljj dj jA Jl ^ jiil J&j . (TVr) ^JLp 

J| L3lp •IjLc' cL) y\ ^a aX«^ ^*i>ilJ l ^ 1 1/3 4^JJLa 1| 4^ ^illj jJLp (J jjJl 

j!^>* Nj U^- jjcJtJ V ul^»f L*^ ^(Alcuin) ^jj£J 1 J! jt (Bede le Venerable) ji yi 
oL_«^UjJl jl <^a jJl 2L_i-l JJL^* 4-i-Lni j j_LJji1 l $,1 ^ w t -<1 ^^jJl LijjJaJl 

: oli ikll LkUil at Jl liL l^t JLiu\ (YV °aJil 

x + y = 10 

- = 4 

y 

^jj! ^i-l julp o JL* ^jJh5L>jVI ijJaujjj* * ->LlS’ ^ T 4 / Llt^JJ iJLUll 

• (YV6> cr iJ ' J j^ ^ o}j 

< .yZ+i ^si y 1 ajLmmIi oJLpj 4 — = 1 l^jmp ljL-Jij ^ ij^tjjuj 

^ c5j^ ol V bjl ^ j*-pyi Jpj . ^ Yv ^SJl 1 $ aJLJlI 

jl J^Jtu O yt ^JL* jJl J j jJaJl olilj-a ^ ilLjtl a -L a ^jP Lilj 

: <J Ul 0UJ3II J 

Trattato j * (YVV \waJ31I J y^f- y * j Lz&rtf d’abaco : ^ 4 jJLp ^1 jJI j ylll ^ - 
^ ^wJliGl Ll yjjz yik,J Lilia j J YVA) (paolo Dagomad) jJjL) d'aritmetica 

^ c-»L-A-l pJp 


Johannes Tropfke, Geschichte der Elementar-mathematik in Systematischer : Jail (TVf) 
Darstellung, revised by K. Vogel, K. Reich and H. Gericke, 4 th ed., 3 vols. (Berlin: Guyter, 1980), 
vol. 1 : Arithmetik und Algebra , p. 442. 

j j— jj\ij yA y^fzj (j* iJLia ^ULp (til _ £ i V* ^jp t a .-i> jJUoil : 1 JU jl Lu-^w 

. (Regiomontanus) 

. 1 1 • _ G MT f jP i, <u — aj j-Uflil I ^ Jail ( T V 1 ) 

■ X V = T Sjt^l (^V0) 

Woepcke, Extrait du Fakhrf: Traite d’algebre, p. 92, et Boncompagni-Ludovisi, : jJaJl (T VI) 
Scritti di Leonardo Pisano. I: II liber abbaci. II: Practica geometries ed opusculi , vol. 1, p. 410. 
jl Jp t lal»jjjJl oV^Lnil ^jLL — a i LUjJ ^.^a> jl I lia ^j-a 4-lJLaSf 

JLpL j,-U- Jp jl^ 

Gino Arrighi, Libro d’abaco. Dal Codice 1754 (sec. XIV) della Biblioteca St. : Jal 1 (YVV) 

di Lucca (Lucca: [n. pb.], 1973), p. 112. 

Arrighi, Trattato d’aritmetica, p. 58. : Jo * I (tVA) 

Vogel, Ein Italienisches Rechenbuch aus dem 14. Jahrhundert (Columbia X 511 (T V*\) 

A 13), p. 24. 


vri 



* (TAN ^J ^4 ^^^Algorismus Ratisbonensis : y <, ^JLp ^ «UL-1 JJtJl y _ 

Tractato j t (rAY) (Piero della Francesca) L£ .1 J y jj-— J Trattato d’abaco j 

y t-JlSJl aJ y-f iJliaj t (YAr) (pier Maria Calandri) ^jJLlVlS' LjU ^~J d'abbacho 
^JLpj t (YAo) ^ \j ^5LJ Triparty j * (YA£) (^fcA* ^-jL-J-I ^JLp 

^JLp j * (YA1) (^£A^ ^L*Jl) (Johannes Widmann) <1 )L*jljj jllVl <5jL>*-iJI 

* (YAV) (f \t^ Y ^UJl) (Francesco Pellos) y JULj ^SLJLI yl JlLVl <yLJ-l 

(Francesco a-JJLp yi J Summa Jl : ^y c jJLp ^^oL-Jl j yJl y* _ 

(Christoff Rudolf!) cJJ y jj cJ y^... ^j-SLI Coss Jl j * * YAA) (^ \oY \ ^L*Jl) Ghaligai) 

Practica !lj * (Y ^ *(Adam Riese) ( _ r — jj ^V Coss — ll j J YA< ^(^oYa ^1 — * — )|) 

LLpLJjIJ ^JLpj ^l*Jl) dbjLS' arithmeticae 

. (Y * Y) (^» \ 0 0 1 j*UI) (Niccolo Tartaglia) 

oU^-yJl ^y cjiLi L. VI <JVJ*VI Jp JjyJl y&y <1 

LJLp j»JJ I>J-a e-jj_*Jl jJLuj ^lj . j-J^I AjI Ju 4 ^yjjlyM ^IaU- 4-JLfcjll CLj\jj j la I llj 


Kurt Vogel, Z)ie Practica des Algorismus Ratisbonensis , Schriftenreihe zur (Y A ♦ ) 
Bayerischen Landesgeschite; Bd. 50 (Munchen: Beck, 1954), p. 72. 

Maximillian Curtze, «Ein Beitrage zur Geschichte der Algebra in Deutschland : Jill (Y A \ ) 
im 15. Jahrhundert,» Abhandlungen zur Geschichte der Mathematik, Bd. 7 (1895), p. 52. 

Pietro di Benedettodei Franceshi, Trattato d’abaco. Dal Codice Askburnhamiano : Jill ( Y AY) 

(359 - 391) della Biblioteca Medicea Laurenziana di Firenze , introduction by Gino Arrighi, 
Testimonianze di storia della scienza; VI (Pisa: Domus Galilaeana, 1970), p. 92. 

Gino Arrighi, Trattato d’abaco. Dal Codice Acq. e doni 154 (sec. XV) della : Jill (Y AV) 
Biblioteca Medicea Laurenziana di Firenze, Testimonianze di storia della scienza; VII (Pisa: 
Domus Galilaeana, 1974), p. 89. 

H. E. Wappler, «Zur Geschichte der Deutschen Algebra im 15. Jahrhundert,» : Jill (YAf ) 
Progr. Gymn. Zwickau (1886-1887), p. 16. 

Marre, «Le Triparty en la science des nombres,» p. 635. : Jill (YAo) 

.TV ojjl (YA3) 
iijl (YAV) 

. ^oV (YAA) 

• *A iijj ! I (YA1) 

B. Beriet, Adam Riese, sein Leben, seine Rechenbucher und seine Art zu Rechnen. : Jill (Y A * ) 

Die Coss von Adam Riese (Leipzig; Frankfurt: [n. pb.], 1892), p. 41. 

.(1Y) *)Lll lYY JvliJI (YM) 

. J YVl Vjjl I (Y<IY) 


Vffl 



<— jt-Lu <uJLcdi JjL-11 ^ ^ ^ J (J? <_5^j l y^y* ^1 

^JtJU j^3 oJLajj . 4 J -Vl 4-i j& L^lllj Lillajl ^ 4^/?li>- c (_£jL>«jl!I 

j$L U <^9 ^ ^I^juI (J yjt ^ 4iJj^ jl p-C-jJl t lijb C.>> ^"2l l L*5o- 

(^ \ 1 % r - \ 0 1 * j»L*Jl) (Francois Viete) oLi I j-~Jl ji ^ g H ^l j\ j»LjUj 

. Jj^-I La j+^jC* ^1 A-o jiil ^^.LxJL j*>e1} 0 Ju JL>- ji t»_i 


VH 



_ W - 


( * W* ^ 


ja 31 Ju& 1 ^ jl 

J^a CjL^Jau <JJj jil <uJj>*ii jll C-JjL>«lll AjjLLo bj£jj V I jy^b Ju>» 

^3 ^\-jLwaL<J!j CO J^~\ A^Jjk ^3 I J t j C Jjj jpN I ® J_jL>*il c — >^*.*. t Jl 

- yp y Mail <L>-j ^J_P _ Ojliil oJl> C— C Jl3j . c_J jjJl p-LoJLuJlj (j^L^-LJl 3jl y c jljji 
JL 3 i^jl! oL-jUIIj jJUJI ^ L* b\s lil J . Ji» I 

JUJJ IJLA ^^3 L&jjj->- ^ylJl JljL- jJIj CwJL^Ji jli . 5jjJajJ! 4 .«. ] a *S/i y+AXj 

. l - - ^L^il Aj^JgL«Jl yA (j\ i dLta 

: JL^pS/I oJla ^ ioU JL>J j 

Syjdl j^JLmJI _ S 

JL>j ^J-P (oLaJtJi) ol j-^’Sl 1 aJlA 4~!j^ cil A-jLSdl JL ij 

OVU- t ( JjjJi iLjJaJl ^IjpSfl y j^j) j j ; llal i Jjj ^P oNLLl c 3j^Jl 

l*Jb fi j & jlll (cI^L*JuJ!) CjI y^i\ y* t 4 jLjJ| |JL>* Sj^Ij ^ ^>-1 

ddJ jSi ^ill (Intervalles) oU«-~iJ! jl ^LoSlI Lad j 1 ^ijS/l J| ^jVl y 
‘(I Ji\) SjliJaJl ill Jp oJJj UiJLiJl Vi»!l V 1 ^ 1 Ot .oL^I 

. 3 ^xJl 4 JI ^|p Ay i^xJl a jLsA^-I ^3 4-^Ldll ^II 4^«JajS/! C^JL) y 


. UJy . t/dJl cio^U k jS> jJl £ ^ (#) 

. Jj y Jsdi3l liA 


vrv 



J-p jb Lo-iJ J5* 0^3 JjLlII J| LJjllajt C^-a-L jl Ljh i_*jl£Jl 2 jjj 

4-jLJL)I aJVI J-p oUJuJ! jb U jl>j c jj jJl JLi a jJ JjS/I 5JSM 

♦ (o-Li ^LS y* jJ J y ji\ J jb ^Ljj) . <uii?xll jIjjS/I 

^UL» ( jS> SjLp j* o! (_^ jJajJl ^J-~JI j! ^j-s pj-j ^ $ a » jt y-aj 

jl Jl>-lj j1_^ ^ ^jS/l til CS> j* t 4.1.*. L ,.,:!! j <o jll oLJcJl y* j 

0 0»L>-jJLJI - ^JLu-JL!I j! «iL*_jS/l |» l « .dl jll La J_>-b 4 SJLP olJljji 

(TO yj jJL&j i*jj! ol (_£ jJalJl pJLJl Oj£jJ La LJLpj . oUlill j 

( jj» oL>“ji _ yJ»L*-o ^ jLy^“l jl 4 jl>- 1 jJl jl^_> J_i! _ LJLl-*o 

. (Heptatonic) f^ 4 ^ JL^I jJl jl^>jJ! ol 

^Uai ciUJtfj 4 <_£ ^Joj * ^UaJ <^>L**>- j ^jJal jjfc e ji jj La jli 4 dJLIS J-Pj 

. cJjjJl 4^w<bj L«j jljjSf! JLiJ 


AjiJ^ll JjL^ ^J l (jLd 4 4jLi>/L>3j ^)LiLu> j ^yc*_~*Jl ^LlajJl Ijla jlb^ Lai 

4(oVU-l ^5”! ^) ^ jjJl ill JUj J_p -LpI^JI ^L^-Vl o-Ijj Jl JUJlI Uia ^ 

olj-s^S/l LfcjjJb J J-P ^L^llj {£j~+ Jl JiJl £splj-« L$_y *X£j 

4 ^J a^»*< ^ L»-« *»J I >w? I ^4 <^JJjL> ^JL^j . 4JL* ^a ■L > k.‘L>*>1 I A-3 LxJl Ij ^j^Jl ^ tyL>- 1 t -. . - - - - "*•, * 

LJlj L^i^S-l Jp e ji yd I cj! y*p al ^ V 4 iJU <JL>- y* j.,^>.ll j 

4 Jlill J_p .4^-^L**Vl ^»Ll>-S/I (j j-^j < yJl ol j-s^S/l la a a oIjLjl>-I 

Jfl^K ydl ^od -l 4 a A itllio jyJl ( j^JwaJl) ^ .»‘.d-l^ 4 a^aa^II j^^-lll (^*^J0 

JLft-icol ^ Jl^ <jS/ yt ol>-jjJl _ y^L-Jill (J^>" jl J b»&iJli . <L^«ydl AijdliLj 

. iJa ?-* jll L ^J-I S jt a ljJw> AtJlj flJbioJ j^aLj\j Lf h~* jJl 

CT) (^yi) ouuii . r 

4ji1i>JlI qL «.«< ^ il O La Lfli I Jl ^Lp J^Lx jJl JuOllj pj 

Jp Loo V JL>iJLwwil 4^JLh«Mtf^il iJ'yi Juj J-P L^J-P 4 yL*S 4 S jj_vajdl ^5-j-wu ^il 


Jean-Claude Chabrier, «Makam,» dans: Encyclopedic de : jiaJl toL.LSllj j-p ( ^ ) 

V Islam, 6 vols. parus, 2 cme ed. (Leiden: E. J. Brill, I960-), vol. 6, pp. 94-102, 

Encyclopedic de VIslam (Paris: Maisonneuve j toULillj jp JU1L Ui y Sf j-br JL^ 

et Larose, 1986). 
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. 4^-jtJ jJLsdll (T) 



y d) j&A ja Loj <£ y\\ j AjUjjJl oUUll y jJS 1 f£}\ jj . oUill 

{ y ^a 4 (jl^jjJl _ j^uLo ci^ (Sy^ (j»i 4 a-pL-* ii^LoLiLo 

y* ys> jjJl ^-La yj LILLIS’! ^yJl U . 4 -jjJJl (^j-JaJl) oLUil 

. c-#1>*jJl1I _ yj «^a aj >US\ ^Lv^’I JLM a w.»Jaj 

AaLxII 4*Jl***j ll li^LmkjLII ^-j y\} Aaa»«mmJI a^j ^-s^JI a^JsjS/I aJ La aj^J-j d) j 

*LJbdl JbJL*Jl <JL>- oii Jj 4 Ljjji 4<JjjP^/ 1 *L«jJ ( j-4 ip jili! Ob jiajJlj 

JLjJLaJI <JI <_£^t Jj iJlAj . aJia llaLii <J1 £-*Ul <_£^Lll j yi\ y yJ*j&\j 

aJIa ^ la *a jl ^jll yj . Ajaa-JI i-Jj-MaJl A.» la jSf L La j*yr y df" 4 

oUS’ - aJI %y?j Jl oliill Jl $jp y>- y ^y)! j) jJl 

A^JajS/1 oL>>j >1 <l)i JL>«j 4 JjL* Jk\ aJL^J ijllil s*l jili j . _yJl jjp jil pJLJ 

j~** ^Jb^JLj OjJ-lflJ JlS 4 L^3 (_£jjpli L aJ! ^ Usui I A jJa-j-yrf ^pjj) jjp 4 A*Aa«mJ( V j «/3 l l 

. nil d)jiil ^aLJ! d) jiil JLa 

jl) ^^aJI p-L>Jl ^ $ i * ) A-wu#LnS/l |t— *i y* <-)i ^ L| j *s. n . \ +jt 

y iJbxil A^a^mJI iJ j^aJl A^JajSfl jjiaiJ AjjUil i^»l jjJl 4(^-»<ljJl 

^il (JLlJI ^SLJ j^i a-«^L>o ^j-Ja j ^jLII aJl* d)Sf . L*jj (_^i ^Mrfliil d) jJUI 
^^LJl J 4 jLj jV I JLi A^ua^mJI . V A ^ la.» V I j JJLaIj L* A_iS / j 4 A^*^ j^*- 

^LqJLa! l)IJLa ^Jlj cJUall ijly ^y jjb 4 oLLiilj ^La-V! *Uj 4 Aj jJajJl iJ j-saJI 

iuLJ-l ^aJLl ^«JLaJI u L ^J l apLs<sl>-I aawa«-saJI ^^JDl 

. iSJjJl 


aLu^Ij ol^Vl ^LS ^U. :UU 

y^ll 4 j|^^a)I ^^immwJiI a \ 

Y / \ ! d)l i*«lp JL^I ^3-1 

J! ^LtiJ! ^iJl JJj r> LJl J1 fj*r Oi 

1-La JaL-JI ijjlail >-i ^LjlpIj a^p jll 3 jJ 5 j A_iy3 i^tL.i.4 olJL^-j 

.pUl 

(^jj^jj^il) iijJaj ill y* Ja^iII jlj^Jl jjjJl 4 AajJlaJI jj^saJI JUwoJ 

ol Lij j_«a aJT jJj ^JL>fcJL*xl jl 4 ol j-ya'Jl y-j ^LajS/I j ol j-s^S/l y& 

. i-Jp A3 Jj (oLaJJI) 



^^Aj 4 .y*Jl aJI \ 4A^4^L-tfVl A-JjJ«Jl SjLajLI (Jl^l oJLa vldl S j 

^Ijp'b/I OJ^U C^Vl^ y \jaS>*Z*m\ . SjL*aL-I oJLa jjlaZj j^Jalj d^olS* aJV! 

JT*"tJ ‘ J->VT jl 4 (aJLJL!I 4 AjIjjJI 4C-jL*jJ|) ^IjjJl 4 JJ ; llaJl 4 aJLjJoJI 3j->jJl 

* I* f 

^Lliil ( j-* bj. LJ L.4 I jJ j y> jZjcSj . jJ jJl y* Sj^LaJI o! j-aVI ^jp* y L-~L-I jJL 

aJVI ^jJaj Jp (Le cordier) y ^Jl Jaj j jLSL- y*- (jkJjJl Jb y ) jL-Jl Jp 3 ^ jil 

4“ Aj^J^Jl jUm- J L 4 Y _jjJl Ljj J»lsAJ AjI ^jA j lJej 4 aJL-I^J ^JjJl JJLaI ISIS 4 l ^ *.j> *W Jp J 

Jp ^ jlJI ^4 bu-s^l Ljcsi»j I SI 4 (^Jlill a^>-) jLJl Jp jjjJl (j^-LLLLo 

4- a « a j Jp ylaJL L>j*aj 4 JLjjJl Jp J> jJl LlaJuA j ^ jJl ^ la w .4 ^ I J Jtj 4 J? J a^*»j 

jl^4J ( j-ul^Jl yt 3j>-^il jJ^Jl (j- 4 4 4,.«A ill Ha 4 (2^4-Jl Jp 3jJ>-^ll jJjJl 

^ ^llillj ^yA^I y>-jll JjJl 4 A*,a\ J j^j Ly 4^1 ^jlaj Jp J»jJl -Ljj 

*J>- jjh « \ »j J> jJl J Jb yt K Y » 4 - yj.ll y ISI \j yo jJLaj LjU . LuLa 4 JjjJl ci Ja 
^jjJ! 4 (Jlill J---^ Jp 4 ^-A JpS/l <1)1^J-Ul y y/2 Jp diJ-L J «A>*JJ ^ ytz l£“L)1 J*jr^ 

(J ^JaJ (( Y )) Jp A^**ujJli 4 y ^Ji JLd o^3 j*j£j ^ taj 4 A a laiS/1 JS” ^ AjI (jl .T 

. j->-l jlj-J-^ (Jl jlj-t3 ( j-4 Oj il jJL5 4 jJ jJl IJLA 4-»ljljJLAl cjLpLsAj jlj-f-!l j-y!l 
. jljjJb Oj-^aJI «Y* 3JbJL J 4 ^cy^> L y£*l\ j 

ijjj * lljiJl ^UaJl - y^ 

tju^- jjy 4 ^Jliil (j ^ .all a* . 4 jJ jJl J jjp <1 -Jj ^Jp ^1501 ^-pVl \ jl* ^J>j IS! 
A-w^li-l Juu (j\ 4 ^ y-jJl Jp ciJLIJb J^sA^Jj 4 ;jyJl Jp OLSUl jllliJl jiiaJl A 
jJ jJl (Jj-U Jp ^l^Jl 1^4-N^ J I^Ij . Y (J y>0 LLA (Jliil J ^-^ 1 (J^j 4 A-*lj-li 

<L^jJl Jp dill, 4 Jp ^LiLJl y^ 1 Aj^j 4 ^tjJLail y» (jyiilaJo 

jl yllll Juo ^aJL> T : .Y li Lla Jlill J-~^ 4 A- 4 UI ajoI^JI Aaj (_$l 4 ^ 

A- 4 I 1 JI AjuI jJl Xfuj “ oLdl A—^U^-1 JLaj yj L 4 (J j-flJl ^j- 4 4 (_^jjpli-uiJl ^QalJl 4^j\llaJl 
4 j^Jlill y» J^ ^yL^Jl ^y?Vl y. i^y^ 9 *^-*-! Jjl ^ 'y 3 ^ 3 ‘a c f 

oi .Y oj 4 ^ y, a) I c) j£*>j 4 jJ ^Jl aJUI ~ ^LJl yLdLJl tdiJjj 3^tcJ 

^Uul Alll^ll jJl jl yj j+£ 

6 -La j yOJLlJ 4 ~ Aji3Jj»J| A^jJL j j£j J 4 (^-4 - V - 0 J _ J - j3 ! Jt») A^allJl 

j\ LL dJUJb »j j ^ l fr«.4 ^ ^ Ji y y Jp* AyJl 

JLm_> (JaLd-^nl) Aj>i^1j (J 4 Amm*jL (_^^^pli-JlJl ^UajJl IJlA «®Y (^Jl® A^-j3 

^y^yj (Limma) a. 1 .^a a ll jl ®a-3LJ|m JLxj ^a 4 ^: oLJl ajuI^JI JL*-j ^^4 ~y S AiJliJl 
^Jlill cj j-saII j 4 ~y^ Ay.lL ^JiP- ^aj 4 ® ^JuaJI o j^a-11 j^-a-ajIL® Lyl jyJl I La 

~ 0 yUJl jy ~~ AaJSLJIw Jbu {y* jyJl j Y oj 

4 ^ 7 ^ yJ 3 Jli ^jJl j ^j-^Jl o j-saII i_LvoJI» JLiJ jl 4 (apotome) «yjdl» Jy 



JL*j y» ®iyLJl# X*_> ^ 'j ie y* ^JbJl JLaJI Ul . JjI j yy Y y O y-^aJl 0 J 

£yt diJL 4 L^) c oy)yaa V~^ (comma) ^ypUiJl «5JU^LaJl» Jbu y* «^Jl1 » 

^Lul 4JLuj i j*j <j yJl ^y dJL>oj 4 ®< 1 )Ijj^® ^bul aj c«j>» y« flU^bi-Ly IjLuj jJLp ^yjj 

JOo y# ajj^pULaJI ®aJLu>U)I# Jlmj y* ^>Ul! JbcJl <1)1 US’ . (®l)Ijj*aJI®j ®S j*£ aJIjB 
«AJa— ydl aJUJU jui y* U5 C «0^UI» y*j «a»vJI» y* 
ly yu? d)y£jy 1 o VM ^"*1"^ IUa UmJ (j j£jj 4 JbcJl IJLa JJL* JuJl£ Ibjl lij Ajjji'lluJl 
. ®(iJU^j|jSlU oij .^at>rH o^uN ^y Y.^ . o j i>-jjJl aJL^J y jl— “ j . aJL^Ij U^iU ®aj# 
y> 4-jy t aL^ y* aJIj jt ®<UliJl# (jl 4Ajjypli-iJ1 a_u> yd I Ail till y» j JUJl IJla U-J 
.— A 1 ~«J t ycJaJ! (jyjifJl ^LlaJl ^y ay-yll jJc*a !1 y-lUl! <U-J 

c)^i (O yua ll »UJLp <^jJ oLLubl fij-A Jf> 1 ibl ^ J-P Sjj y» |*-Pj-11 

4 AmUj (JLa yua.ll (1) y^*5 4 UyL aUj yu? yll ^P i^jAU UU* (_£.iUJl ( yU* y ll 


(^Jl . . . 4 yJ jlj ly y.w»Y jhu yl) 4y yOjl^Jl “* A UtVl ^ ^ 


^Jp* yl (jl>*ly yy Aj ^Iaj aJI) ajySyyll ^P (^jy^byll ^Ualll L^d.S Ul j wLaJ 

^jl« (__£ yj c uuii Uwaiit-i iU_>l j^-LmJ ^)U>- j-*s yj ju>*jl4 c ousai yl <. ^ y*Ji 
^Sfl ^Ualll ^yft-*Jl ^3"P yA ^jypliyJl yy*^aJl ^lUJl IJL^j . v^UUmJ! 6*Xa ^JjL« aJU^L-*» 1 
- yy«Jl ^lUJl < y U^y«JL* cJlj U AIL^I^ C AJa^^yil Aula^mJI - Auys^aJU A^mJJL 
j ^- 1 UL»«> fi^JLP c ^y^-1 A^. ^ 4 ^u - Au yU > A a la il ciUUA^ • i/J 

. oyUa j AillP oliLu olS iliut j (oUii) CjI yu?l IfU J 


t“ Sj-4-^Jl AJUll OuljJl t“ >>. a) A-M^oli-I iLoSl! (jyjl^Jl ^UalJl Jb>%J j 
(_^1 e^*SsJl aJUII 4 o jJwaJl AiJUl 4 J A-JyjljJl S ^^31 AiJUl i SJbJL>- bUil JL>o ll^J 

yW» A^i j\ jy£ O J +0 < A^gj 4 -^ O ys^Jl (J- 4 Jy* yUl lj “ U^J* 3 l 

4 "u^ j-^d^ ‘77 yw>Vl O yuaj! L i 4,<fl 4 ll 4-^7 A-JU A-j-J. j! yw > o J_u? I i ^aJ 477 

. jJl . . . ^ Jyuaill jl UySU-LjJl 4 “" v jV 11 

U ^y 4 0 « ; ? i a H Jyjlfjl J ^jypUiJl 4 (jylUJl yu U (ijlylll y» ^ bl UjJ 


777 Ui LJl jl UJUl I ^Ua jUUkJl L$-i yS^Ul iJllA J . lyL>-yj ol yuaVl 


j»LUJl ^yfcj AJa-uydl A-iJLLllj 4 ^ j J 


\T YUV 


>0 

J ^^JaJl pllaxll ^y JUJl 7777 Au?yl* UjIj ^jypliUJl 


T • i A 


r-^L 


^ro 

4 m j 


* * # 

(<yC^y lyj) Ipy^ ^yujl J| y^il 

4 aJLaUM ^ yJl aI^^CL^I tjC-u y lyV y -1 - (Jyu? ^Uaj ULaj 

bail y« 1 •.,2.1.1a ll blj . LjU-JL* bj_>- ^1 jJ jJJ A-*^j A-o— J yp ULlS y-Aj 



S ol>> jjJl - g j i lal l j^A jj jJl Jp jl>jl>*i1J 

. Uj^- <jyojVl 


Jj? 4-— jJl Jp J -sA>J Jjl JLp *jJJall jiA J > jJJ Ljjl! 

j-IjJI o^j£j »-lj-=rT i-«-;ji = rX ; • — ■ " J-* <J-‘ aj> " ^>=r 

^Sfl ^1 yU U A = 11 r * ijs ^S\ L ± = £ = & 

Vi>*jL* iiJC (ijl—i ^f = x = n = n = i?*n=‘w = rt *(Tonmaxime) 
ouljJl L. y = {j = ^ t t^J 1 — J . ^ r = ‘ n i 

• k jJlJ aI^U Ay3 i L> 0 Yy * 0^*J jilt jt 

►Up c-w^pjl jUJl ~~ «<wJJL)i <L*uaL>-B 4-jji j LjjJ£j SJJij <L*uali>- 

. jjL& j^UJI j jill Jjl ajjIU. 1 cJjUl cJUdjI dljj^ jj fk o j-saJI 

ol j-pSft ^2->o JjLj Ail ^a <Lellll A-*»^aUi-| Jbo aI^-JU M k*. It IJLa jl Ja_>-^\j 

. ^yUaJ! flkJl 


jj jJl JJ ijUl _ T 

iflUJI p^LII - t 

<jjjj aJ! Jp jl dl J- p La jj *& * jiL»jSfl J5* JuJl£ ^ja 

<J jk A3^\p ^-*2> 4 j^JL*J 1 v^wwjJL t 5JLal>- ^j-Jko 0j3 y> ^pL 

LaJbtj ^^JL-Ji jj jJl *j?r <J jk j ((Diapason) £>- jil o j-saJI 4jl ^lillj) ^.ILli y jJl 
<Ajjia . Jl dJjb . Lljbi aJUjJI aJLa <yP^ Uip- c ^ISCJl a iij 

(JLoP'I IJLa Jl O— i-^1 Aa)_^ ^ IjI^^ {j* Aj^Jl*J| 

t oLJJill ^ a j-jp- j Vl - Qjx Jl ^ILmJI {y» o j-aJI ^LJlpj tjyjLy ** jll ^ jjj-Jl 

( j^a-sA?»l)l jjAdJ JL>* ^ idjjJaJl oJLa Ajjju^ j! . jJl Oj ja)I ►Up <^L>«jj 

Vl jt jUjJl jl^Uj !j jj y>- y V SJLax^ Aj^JLp ^y^rj c (J-<»-«lil 

. jL>-'y I iwJLp! ^ ttLil u->L^>- L y ^-* > jll Jp I <. y > jJl Jp 

Aljjca aJ| ^jLLa L« jJJ C^* Jlla>a jJ \l*AA *)l U jl>-! ISj C 

( j-SUj AlU^a A-O JLP A-«-.«JLj ^JLP O J-*P J5* Op C aJVI oJLa Jp ji-JjVl «^AJJ (jL^oj 

. A-U! oJlA ^yaJULwa ^aLia U.^>Q jj jJi ^Jp AjkJ> jA j J-sA 

j-P JaIjjJI t^LSOl A-S’U^ cjLip^/ 1 JL?-Vl L y> Jj-aU 

bf t jIjjS/I j+J> IjUjiaj 3 ji jl jlJjV I aLi^aII I JjU ajj^LxJIj a^ j^j>JLI 

k il t ^ Jj1j_aJI jlii 


Vit 



SjJjJL jbjJJL* jLjlji-* jljjji c ob jjS jJjll Jp Uf . ijyL* o j-s^ Jp J j-mopJU 
^Liil U^jJ jl jJ jJi jlJUfc . ^jj^JjJl ol jlp] Jp AjjUjU jUSl jj jL*jJL 4 Lf -,. a > 
( jz* U (_^t) iJMl ^jlau Jp 1 * 4 la > j jl£*j ^Uall <jri jl 2 1 la * U^I t > ■ Jl 
C*JlS lil . (jL>JJ) AjUJI AjjjJIj ^llill ^ J-* US jt 4(jU«JL|j la.M.11 

O j-p 4 jU*j ./a^ <_$! . aJL>- Jp jJl {jA I J-^-lj JUj . (jUjjUl* jlliUll jl;U 

4 LiJ US' bl 6 J ./» 2 ) 4 Ajj^rf? J j>*“.> (jliJl jj jJl (J jk j-juj - Oulj J* 
. A-jLJ ^la *,...> (_£ JUlj 4 4 j JL>« j (_£ jJl J y^ll ufJLJ Jj 


^jjplUiil ^lladl (3J jU!l) ^Uil . 

J-^-**jJ Jibj 4 j I^JLa v-jiJt jl jZa jP j-jJJl C-»bj jS jj jj* jljjt Jjk jf j *» « - U+ 

LgJP J AJj jjJl ^LkjSM £jS>l j- 4 JbJL^ Jl^-SII jj-4 AjLjaJl dJlf-j . A-jUjM oLUaJI 

. U^US/I ^jpUa) 1 ^US/l 


rrr,r ^ujiu^um t^o** :{ji^jdi jIoLSjSii 4JIJ1 j~- J pj 

aJWI ^ aJUI jt ji tpJb TO* r^UbliUlJI tpJL. 

jt 2j~SJl aJUII ifJLi N 01 , T 0 iiJUJl ipJL. nv,1 :{^UpLso11 


ipJL. o*,VA :^UJUl t,JL. ir,oo 1777^^1 tpJL. \U, U 


.\ 

•a 4 /^ 


.(^lu U a,j~* ottUll iJu JSj) ijJL. \r, to 2UUII 


. aJ j*JI Jib c~-J aLLJI ajxuJI oLk*ili i IfJLp vJyo oVVl ^ U! 

- 0 L,^ jj! jj jiJl ^ LaJL^lI^ i]T Jjbj . j^lkJl JJb iLjJail JLpS/I oli il jpS/I JjJ 
^iJb IjT JL>“1j ^14 ^jjJI J j^i c <,^ jJl Jbl« LgJlP oj^Jall b jJ-l <Jl^J-Sflj 

^J-p L«I . Sj-j-J aJ jJp o*>L2jj Jl 4 jUjJI Jp jIj jS/1 JlJI jl 4 (5 j-«Jl jlJI 

jIjjI j^aJ Aj>c«Jj jjb>dJl oJbJLii ^&\ja Jp ujjjJl Jp -U-jKJI JLJI |*-P jJ3 4 cljiJUSUl 

^11 ^1 j-ptj A-JJjjS/i ^1 jsS fl 4 Jl >,^ 2il JLijJl oli oljpS/l Jpj .0^1 JiL- 

cJjjJl AjfljjJai 4 oLjJLs t j-« AI^P jJL-jI Laj A*S j^Jl - I _ 

US 4 jwaJiJl jlJjJI Jp ^LpSlI ^ Ij j*A&j Vi Jp ^1 j.pS/1 

Jp 6 ^ >T Jl J^ill (> ^jUJl ^IpjI Uii» jIjjS/I ^ Jj^oJI Ij^U; ^1 

JUL J>I jl 4^ 1** oVVl oJiA Jp jlLil ^ ^11 J > I JJ .JLijJl 

Jib ^ >/j ll aJ jli-l aJ ^Jjl ^1 jpS/1 ^ |JL# 0 A 0 J jj ojj JJJj j-jajl jt 4 UjjJl ^1 jpVl 

. ^1 JLnj Js^lij 4 Jp Jpi j 4 J ^JU-I ^ viijl J 4 J jjU ^1 Jpl 


^jl>*-Lu-j 4 f*JL* *1 * • LJ jJ^ jbjt b b jp .A 4 oLUJ*-l J , ^ ,,. t Ij 
. ^jLiil f jj* jJLUj oliUll aJla JS j 4 aJLp Ul.Ji >r t .*»! jjLSS/l ajj jp Ul«-aJ1 ^UjS/I 
ajUJI oljI ^J l ‘pJU T * ♦ : ^oldlU^li-l ‘pJL-r** : \ (ciliSjVl) jlj^jJl 



iJU>l iJlill ‘(JL. Ho, H : <iJLiJI ‘,JL* \o> : i 

J*JJI SJWI 4,4- ^,Vo : ‘(JL. W,oi : 

iUUJI tpJL. r*, £V : ^ UUI ‘,JL. VA, \r : ^ ^ t,JL 11, 11 : A 


.(Jb. A, *V 


or\a\ 

oTfYAA 


^ 4*latSfli 4jJai-| 4-JjiaJl < j^ul2il aJjIjLa . ^ 

<1)U dUAJ . Aill»H 4-J j i, /a ll A.o la ;Vl ^ j-A Jl pLJIp ia_l_^ j-A-Jl 

OjJrfL^ t oLiku |*aI ^ Ajj5" ^11 1 ^a>-I ajiJi>Jl 1 4«*JaJVl <3jt y^ A3 jjc® 

* aJV ^jLiJl J^kl jaj c j*JU 1 j J jJs> L y> yju ^jill j t aJS/I yj ^Jp 

<Jp ^l^Jl ~ a. ..Jj c ajjL^ju (oliliSjVl) oUljiJJl J5 

j4* J ckil^ 44 1 Lai I jLjVl oL^l> !^\ <L~_*liLL ^IajS/I . ^Jliil ^ ^Jja T * * 4iL*^a 

j-S^Aj |i 4jllll t^JLa Y * * **“ (J^jS/l 1 4_]jL*_* 4^^«l^“ 4 jj jpli^J ^^P 

^j-* 4JLpLL jJw^t 4JjL*ll 4-~ualiM c)t Jpj t jl jJL^>\ CJlS' La ISI «wJL^Jl 

il-bdl 4 ju 1^J1 £ pJLa ^0* I ^ ollll 4 joIjJ| t oLoljJl £ pJLa I fyvTA 

• ^rmi -L;-^ <>• >* <ij-Ulj) (J-. \ o • ,t \ : ^ SjoLj ajjj-* 1 ~AJI ^ J^I .1 

\Yo,<\Y ;Ai lj-S aJL* 4< y» 3_JwiJl Jl 3_ ; _sai ^ ^JL :>U.S!l 

H • :| = Aj JJ^U ^b* ‘(JL. Hr, A* :AE aJb* t ^Jb. 

4.«.,la1l <bi jlfil 3 «■ i^u 1 1 41 ]LlJ| * |*-b* I * *,^1 ! | ** *■ * .,^1 1 A*j Lljl *|*-b* 

ii^il 4JWI ‘(JL. <\r,V 0 :|i Ojuil s^_JwxJl UUJI j! ijbjl i^JL. \ • • :] 
:A _^l Oj-aJI JbJ jl :^JI iJLJl ‘(JL. AA i. «.... Lll i-J^jLJI 

^....lall J^jLjJI Oj-aJI juJ ‘(Ju lo,£V :|t7 JjuII ^ 11,11 

^1 3j_^pLjaJl ^a *A I aJUI jl ajj ^pI*«a!I a. ::I I ^jAj V I p-L. 1 • ., ^1 1 

ol^Vl cAUtiV ;.-:IL;j i(JL. o-l.r^ :-^7^ aJjll* 1I ijUl 

ui-A) ,>p JJUP Vi Jjij *51 (i Y'AjYY' « r Jil» o_^Jl 

rr,v : ^ JjbJ.1 Oj-^JI > 4Mt-.ll ‘(JL. rv,o» j y > jLJI cjj^J I 

^j>LlJI LiM 1 i(JU r \^ \ : ^ ^JwJI 0)111 o_^l ^Jl ‘(Jb. 

•r ur *> lv : 

iuJ^I il^UJl ‘(JL. A, ‘V : ‘ J«etyU v-^L Ut 

L i) L^jJUjJl jt iJyi-Jl aJLsUII t(J^ V,V^ : y/x (Holderien) 

• (4* MV1 :^y‘“ jj^jLfll J-^Jll ‘(J> V,£ ^ u « ;; kl l ^UiJl ii^U 

. A^ikiS/l l^-j Ji-l-luj jbL. lil Ja>-^j 


va 



jJ jj g ll ! 4 jLLl>s11 Aj j^aJl 4 -*JajS/I jl jJjJl J j-U jLipVI ^->o Jl^-S/I <1 )j 3 ^j_a) 

. ((Cent) cuJl j (Savart) OjliL- t (Hertz) 

JLi (^_>-j j ^3j j^>) I 4 JLS' O jyall -UjJlill Ala 4 jI lllj JLoJ 

lil . cLUjlS^ 4vL*«jM (mmmjJL iZj\js0*)l I a Aa dol^j il Ull jl >-1 jJl jJjJl ^p 

luplkruL 4-i^J . ALj.} AJjJg o! j-s^S/ 1 dJUu 3 jl>«jL) Jj jJl <J j]& lid j-p 

*LaJl*Jl jALlI JjL* C jj> <jT (1 )j 3 ( j~* ^ 1 >-J J L> J V L> <DL*. u Vl 0j3 <JllA>-l 

*■****-" ^ Ij^Sdl t d Ij I^IA^L] ^m\^JLa jj >^ j * ^ 1 1 l ^ « 4 . ©AjA>- ^~vL&4 

. jl jj jJl £y* ~tfj ajjJJ ^ fll iJU>U3l j c j^ a JU A-ww-lJ oI Jl^-j ^aj (. OjliLJlj 


VttLl ijUj 4.^T>tll 2LJT juall _ jb 

(r) dJL^IjS(l cAj*a&j cSJjuil jJ> (gjJJI) 

<u3JL*Jl <w*_uJ 15" ! d j-vaJl jl ^-ij ^lALl 4jLLi>«il jJl S-vl cur AJLl 

Ala j • ^-ll • * • 4 jjJJ j-^JI J^l jAJIj 1 dlJl c djldLJl c jJ j*^Jl c <L) jJaJl ^^vlflil j 
Ljil Ij j-yal* La ^lAa dl>*jjJ AUjlIl jAa dA . A~U.ll JjAiaj (j! (1 )LmvV| 3 j_*J j J-sAP 
JU-I cJl5 L*5j) dUI ji a~*aA«j ^jAa 1 6 : • < N U t u3r*^“ j+A»* ^Jjp 

<. ^ <. oj jiU ^ JL-J l ^ iU-J tu Vl illiA i j£j ^Ai t-j jAJi 

^1 JL^vJUl ^JLd caJLo A->-j 3 ^ T (UjJU (jAJl (1)1 j-jjJl JLj JL>T-ll cV t J j-srfg C U 

^J-P L? C J j- 4 -Jlj J-o jJl t 1 ^ .,rg d >■ jl l ^ n d ji oU-jjJl jt JutU-*l! dljLil 


i JjAl Ojl jAl CUl5^ LaJbu O-jJlJl oLaI jl ./? 7,lN OxJ^Ul a Aft jlSJ (T ) 

t-d ./>.‘JL* AjjjJl o^jJLaxJU 4.^.. ...t 0 i j.^a ll ^jjJL *AjljjVl3j h o^LjlaiJI <jl . 1^1-LlJl 

AjjjtJl SjUiAl ^ (^s^ljil) oL>-jAl - pJaa.a . ^lp ^ V L^l^J ( CJ j^oil 

o^LjullUj p^ALj AI^jVi ul .(. . . tcj (pU> tAiL c 4A^ti) ( J_ v oS/ 1 A^^L^Vl . 

U^JaJl OjLilil I Aft . Z ll) J,. 6 7 V ljJL$CJ t ol j-s^S/1 AiJj jSju jl la Z *■» j 

1>»jV jL^-IjI <1 jjJl _ AjIjjVI - Ajj-o-I I jJlI iij j-Al JjJL*jJI oL«^L^ jt oljLAVl 

jjb I Aft . 4 jjJlI j^Jl iAstf Liit ^1 ( jcA ^ /^) O j^aJl I y& jS *. J V p-Aftj ol j-^Vl oIjUa!>-1 

jl® I (/A^.iljVl ( AijlJl CJ^AA (oUljia^Vl) cL)^.»t ^. lll 4^»J*^UI al^J ^jkjjju 

i ^J-s^!jA!lj Oj^aJl ^UjL ( 4^ jlJl j illjjN I j 4 lj ./a ll 4 4>la iV 1 4 jj-IjJ CJL.»o1jT dljl yg.T.>-l Oij'V 

CjI jlANl jj- 4 JbJuJI 1 (n t ® , Y) (j L t . lv > li ® * ) Cj j -/a ll jl Ijtjt 

jl jcJaJl A ^yJl O^jJLulJl ^v^l ja JL»JL>d) ^ ^>-1 oljLi| j£i~aj Ai jlJl jil ^ 4J j^xll 

jil 4-j JJU- i Js> l>o^LJl aAa vUa-A jJl dUi Al*j . ^^jJl 4.1 ,/ >\ yj o jyall JL*_> 

. \^j jA-«L 


V£d 
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. aJLaI^-I c _-> ja oLjiaJ ill JuVjJI {jA LjjJ jj-J 

^iL*Jl ^3 ^ll p-LaJlp ^ ^jA^a ijll umjLlS' a^LJLi-xI LjlpI la < 

(^ilJL*-Jl j j-*\ la ll aJT 4 (jUl 4<jLiJl u~>Ll£Jl ^ (wi-sAjj . 

. ^ ^aJljo oIjLxj 

^Jlll J 4 J»^LpVI ^J-3 La ^JL~a yA <J1 Lx^^mX Li y~0 lAllaj ^^1 jliJl 4 A*/3iJ 

- ^jliil {j* (J a a Ua : a _ <+***• ^juJ>y ( j j-<-Js>) (Jjj-Io (S* 

L >.» / 0 j>j| lilj . jj ^]| yA ^jL*J Ajb-I ^Jl 4iL«ll 4 43 L...U ^1 t__ j4J f Ltoa^P 

^jllll 4 j*JLa \ o J jSfl ! ^Jj L-S' ^Jlill ^ iiL-x j j5c3 ^JL# 1 * * jJI Jj-U 

— J ^"LxjJl aJla 4|t-JL> Vo 4^-1-* 1 * C|a-L* to dJUJl 4|*-L» V* 


Rodolphe d’Erlanger, La Musique arabe, 6 vols. (Paris: Geuthner, 1930-1959), : Jiu\ (1) 

vol. 1: Tunbitr de Baghdad, pp. 218-242. 

j jjxJl ^ i-x^Lx^/l i-jjjd! ajUa^-I *-UJLp 1 .^i .,/a £ jlLuJt j>j jlxJl (V) 

aJV Lj yj> L*Uai £_*ajj 4 la* ) <J ^Ju 3jxJl aJV Lj y*A L*11sl> ^ j> j^iJO (JjS/l 



LaLk^j jb La ^jj 4.Uf j) $ A-jd_j L)U4 cJJaJ . ^ljLtJl (J^-Aj - Ma»JLjj& 

pJL Vo * A /V) jJjJl JCjjljill ^ 0 yA La ^Jp APj^jb oJLa . (jJ-aIA-I 

V *>>“ bl V . £^LpI If; 4 (p-L* 1 * • ASji^ Jjj} 

^ j^i>»* . i m ♦ jl > ifl « »*« i i«xa lL j ^ i ^uidii c j-s^/i a*jL)i 

aLjIJIj <l)L^Sl J V aJ^I gJLa ^Jp ^JJjJl J JLa-JI (1)1^ l AaI 

*w 

. ajjL-jla j^p a^LJI LJ j^aJl ^LoSlt jli t ^JL»jJl ajjL«jla ajLmII jl Lwj 
^LmjI ^Jp (J j «.<j >» U 4 . «,/a i L j oULmub ob £*p j til (^IjLaJI ^oju La ULa j 

. AIjL A*j j-/» 

(^1 jj ^Jl J ^ LiL^j aJ^C I j51S a-p jp ^1 jLaJI 

JLrtfl oliLlL 4 ( ** ) o /t a~JL ii jjX J> ( * -) A/ViJ^JI 

4 aJ ^/1 ^11 <Jp jJli-i SoLj eijJLi--u aj? 1^5 . pJL \ Y * j c p-L» \ * o 4 ^ * 

J^jiJ Ui (y^il J> £j) jJL. ^ 0 * :t/r = £*/r*j tpJL. ^ro /r\ 

^L-jlJI LmJLo d)7 {j* L ^ «£s *j»jJ\oj ^wixJl ^jJLa S^Ljj ajI j~+ajj . aajI jJl Aju J! 

K L jJLlb a^«j ^Uaj L»«>ij ajjL«ju aJ jmp ^Laj! ^Jp J^a>«J 4 L^iLdl otiLJJ oli 

. (Feminin) 

. ^IjlaJI j^ikJU aj*>LJI jt {jiy jJl <1)1 jjo ®o jt oLJl^A^fl (jjl jUJl j^djj 

1^5 _ a)!>U aj ^ *p ll aaJoiLI */jj L _ iZj H ( m j * J **i jljji LipI i az *<«<L> lJUjlJ 

4 LJliS j* j\ - ^P L - A-^Ul JLk^j y*A A * (jl lalL^j 

A-jJ- (J^lJliLal ^ I fl , t fcj La) 4 AjoIjJI .A n « t d-» Wl lIUJ jLljI (jjjJU (jl (jjljLiJi 

/ A> (^ 

J jJJl ^ Jlj L* J-frLi-l ji^aJI ^LkJl ULa jL ^IjUJI jj£j 

oIjJj ^Jp juS'LJI (1)7 Li" 4 ^j^jLyu ^ ^ll ^jjaju {£jS ^IjuJI j j^da.11 ^Jp LaJL>Ki*^^ j^LaJI 
(jljjjJl ^L«J J-A <1)1 jjJlII UlA (1)L S ^SCdl ci} C^ol Jli 4^Ual)l ULa JjLa 

JJ? diJl J^LUI (ij>LAJI ^j-Jl r lkJl ^Ij Alt LS" ^OLJl aJ ^ Uuj a^I = 

. AjilJLiJl jj-JaJl <iT LjL-la (jyujl (Jl j ^ c^LUl ^UoJl ^ jJb I i^L»l ^jLl 

jli ; a jaLaJI) ^mX)I 4 ^1 jliil JUP JL«P ^ d^Lj aJi j«saJ 1 A*JajVl aJ> 

Erlanger, Ibid., vols. 1-2. 4 a) Aj-J j&\ a^ .(HTV ^LS3l 

. ( 1 *^ jdl) . A /V A-J oLJbJJl Lj (i) J^jj AjLj V /a Ala jjij jJ ^Jl <J jj» ^-J La jf (♦) 

. 0 /£ Vj-^ 1 JjJa-M i*tA <-— J IS} jjisli Aj Lj j t/fl Al-a jjjJl J cT*^** (j?^ La jl (♦*) 

w° 

(A) 


Erlanger, Ibid., vol. 1. 



J-JLS ' jLtj (Farmer) t (Kosegarten) jU <_^ yS a 1L J_aLA-1 

. ( ^(Barkechli) 

\*j cii <*— J aJL J y jS 1 tL>* J1 (JZjj JUS’llJl UL* JJL* 

aiM A>-j LaA>«j 4 U (Jl JjSfl jljjjJl 4 bjlwl* 

* {J0 J -■ A ^ (J^ c 7 ^, ^ (jljjjJl 1*143 $ {jC^jiy\y\ JLp 

I*1a ol^ ol jlaiJl Vl ^slaj LjLftju U^>- c^i jjjJI 

£• (cJilS^jVl) ^la v * l ^UaJl lJu ( y>wj . O.J* jd* ^UalJl 

. a**w«UL.| 1*1^ Al^lj^ ^ j*/£a\ (jjIjIa)! l)^ pJUJl 

. y* (jviilaLa ^JL* *\ * * aJ yb y j y> ol jl«JUil 3 J-P - 

• J ArjLtM^t L m ~ - •' ~ ^ - 

. jljjjJD c> 4 ..*< \ Y * • dULjh <jl pJL*Jl ^ cj^JL Ao-jjJl . 

. jljjjJU IjjJ yA OT yj^hut AjjjJ jaJIj a^aII _ 

. < jljiJiU SLb Y O -u^Li .11.^ a^V JbJbJI - 

. jJl«j ji aJ^Lco . 

. L»j|j Sj jSJlA J Oj^-S/I C->l jAaJI jl LoJLp 

JUJLaJI A+ji A+i Aj\j A^?L>cj j 4 AjjI aJ ^lamJ ^UajJl iJLft JJU A^jljb <jl 

£-*L^Sfl (J (J^ ^UaJl IJla a1sL>-^Lo ^jAl Al£J 4 oLaJcJIj ^LioSlI y» 

• (J ^.A^lflll ^UaJI ^ A-^U«jj iSj^ ^ 0 ^ ja jl*jL - ol> jjJl - 


Henry George Farmer, «Musiki,» dans: Encyclopedic de V Islam, p. 801, et Mehdi : Jed (M 
Barkechli, «La Musique iranienne,» dans: Roland Manuel, ed., Histoire de la musique, 
encyclopedic de la plelade; 9, 16 (Paris: Gallimard, 1960), pp. 453-525. 

Farmer, Ibid., p. 801. ( W ) 





t <ullJl JLiyj t (jcJaJl jl ( Oj-saJl JL#u ^UajJl IJla <bl 

Ljj t^2 jla.+L> Ai ^jlJ! J a]a +J t J^A <iJL J <LuL> L^P _ £jU*I o ./a.o 4j*^J 

. (oIjI^IaVI ^ £*jl (J &* J £« La (j^L* <_5^^ A^d. ^ ^ll <*JajSfl 

La jl-^ul 4 ^^LwmVI 4^jja 3( AiLaiJI jlla aJ j.ya)l 4*fatSfl _ Y 

^*->1 jIUll ^ ^j>M' fUiall - 1 

. jjill o_^p) 

♦ (^»»*<li]l <L)ja1! ( 2 jfi-') ^Jn^Jl 
. (^*£L«Jl OjaS\ i 
.(^Ul dyi\ cJJbll) yljUJl 


(n _ \V) r i J JjOJL| 

(^JU53I ^>1) f ^u>u JjMi c^i J fUfc# 


3hLu tjJLu 
i *i jULI jlbl) 

(JjS/1 AjajJI 




^Jl 

r 1- 

V. 

r 1. 

(iiL-JL vu- J ) UU 

at-ji _ ^4> 

t 

A*° Y 

Yat/Ytr 

r*,tv 

(ijL-JL J) |«.»*4 

(iLJl . ^4) 

0 

^^r 0 v 

Y \ AV/Y • £A 

rA^r 


it— 

A 

Y»r° a 

A /A 

1V1 

* ji*-a iSJtt 



YAt° \ 

fY /YV 

Ar,vo 


-r^f 


t*V° A 

A\/*U 

1YMY 

X*(J 2*ilj 

-r^ 

YT 

1AA° 

ifr 

w* 

; -^>* 4L> 

cOJU 

YV 

nu° v 

VYA/«\Y 

WA,1 

i*U 

^iLil JjL^rnil jljll 

r^ 

V • Y° 

r\Y 

Y- • 


<J^L>- < j-« <ij yu* JjSfl jjjjiJl ^ jil CjLaL^^Ij jJal)l CjL^>J jj 

jL53l ^3 ol^ jJ j t( j_*iL«JI l) j-ill) o jill) oLliS^ 

. (U) (Farmer) y> jUj (D’Erlanger) (Rouanet) v'jj 


^y 3 1 La->j ^jlJLjJ ^-o^j jS Aj ^ ^juSLU 4j9_Li^ (Farmer) y ^Li ^S"«Aa ( ) ^ ) 

* j^jli 1- . ^ajli Vj 4jliUa^ C.. .i.l tjx£}\ oIj jJaj j~—A I L*t . ill li! I 

('Arabian Music, » in: Sir George Grove, Grave's Dictionary ofj (A^il jJwail : J&\ t <> 

Music and Musicians , edited by J. A. Fuller Maitland, 5 vols., (Philadelphia, PA.: T. Presser Co., 
1916). 


VM 









*LoJjL| J^V-j 3 cJ jLp j 4 (J— ^ 3^- > *-^i oLi ^_>«jll ^j-jl L.^. > «jj 

AjjJfltl.il jJflU 4 A*JLwxjll Aj^j*x*>L^JJ 4^*.«4A*JLa 4— aHa d)L«*jlj (j jjLillj ^lLpJ 4 ^^—xL-«J| 
oJ-A ^JJLo_> A13 j*-* ^*-t-P ^jJ-^J AjI ^-4 ((jjjpVl) ^^j^IJ-aJI^ oL jJaj ^1 Ajj^-pUL*-aJ| 

AjjJalll jca (jjllalj 3jjJl aJT (ajL^?V| ^jajLwx J d)L> ^Jl^JU aJL-xj . oLjiaJl 

." ( ' T) SjjjpUjiJl 

aJ| ^J-P Ajjj jJI A^j j - ^ J 1 <J1 j|jL«JL^“V l ^j-P AjA. j hJ^ll iIjLj j l a ill ^J. «/3 t <_) j 

aJ| JLjJj ioLp (JjLJL-J) 3 yZyl ^ll aJI (1)1 jiJuj . J ^ * ll I -La ^3 *^.4 4 3 ^J ^il 

. £>Ly^b^J j-a Ou«x (J.., d L T_»,J ciLlJLi . AaLJI A_*_)l jJL Ajjjjll ojIjjLjj 3 J-*J| 

. (_£ J— Jl JlJI ^jA AjujI (j^-JllU fjiyj ^_Jp ^jP^-a ^Laa ( jA ol>-j3 

(— j| ^>- (_^l) JLn-Jl c_3Jjt3 jJj ^3 AajI jJI J-aj V *-3jLaJI oi L>->j 

jjp (^J— Jl aJl eijjJl «AaJU*^J# Vl (jlill jJjJl <Jp JwA^ V (JjVl o J-voJl 

£-sA>Vl J-sAj CjVLJ-1 ( jj2-aj - ((jjJJ^aJL oilp La) a! VI AjjJaj* JJjJl 
(jJ . 4 jLJ jJI CjU J l J j-nA> jJU jIjjS/I Jajj d)l^4 Aw>>L* aJVI J a-4j JLaj Ia JJ 4^a!L>JlI 

Jp ^il jJl O J «, <a.l.l (^3 j (JlJ j«j3j ^Ay** c-3^Ija) >ljp-® A^llll (H*l j-srf? V I 

Jp ^LJUJJ ^^11 o^Li JjVl jj-jJI ji L jJ. ^^11 Oj-^JI otf blj 4jjVl Jj-^JI 

. Al4 A~*aUU JL*J ^ W .s A ? ^4 ^jllll jJ^Jl 

Aj jla.lt j 3jjJl iJl JjJ ^Jp ^yu-J - Jj-sAA ^Uaj A-mx|j3 ^j4 Ajj^II AAjjJail 6 j-ft 

L^jL^ j aJL. 4 (djLaLLa) ^j_Js AJI^j ^j4jJl ilb AAj jJaJl ai-A 3J-^J 4#^U^Vl® 

jil pLJLp JbJbJl aaa>* ^ jJlj (jlpSlI ( jJiLjJl (1) jA. ll c j4) jt^jL^Vl 


t (_5JLL$CJl c jjl a-^^L^VI a»La1JI y ^ j ypLl^-aJl ^UajJL (JJLalj L» ^ ( ^ T ) 

Jules Rouanet, «La Musique arabe,» dans: Albert Lavignac, ed., Encyclopedic : ji aJI t (jL$_jw?Vl 
i/e la musique et dictionnaire du conservatoire (Paris: C. Delagrave, 1913-1931), vol. 1, 5, pp. 2701- 
2704; Erlanger, La Musique arabe, vol. 3, p. 592; Farmer, Ibid., pp. 801-803; Henry George 
Fanner: «The Origin of Arabian Lute and Rebec, » (1930), and «The Lute Scale of Avicenna, » 
Journal of the Royal Asiatic Society (April 1937); Mahmoud Guettat, La Musique classique du 
Maghreb, la bibliotheque arabe, collection hommes et societes (Paris: Sindbad, 1980), pp. 60-81, 
et Jean Claude Chabrier, «Un mouvement de rehabilitation de la musique arabe et du luth 
oriental: L’Ecole de Bagdad de Cherif Muhieddin a Munir Bachir,» (These dactylographiee, La 
Sorbonne, Paris, 1976), pp. 368-370. 

<l)j3jj I jits’ J (_£jjplJL3 jA ^UaJ| lJut jl ^j^Uil j J* h_j jjJI j/» » 1 (1)T Jo>>^Ll 

• jl A^l— I * I JJ jj>- <J ljJt>-J jJ 

£_U Jp ^Ai. ,^i\ C&JA ^ Jp _*! : Ji;l (\r) 

: A i£ ji-'yi jl 1 Y V • .a ^ i(\Wt . \*YV igj'yi p—SJl jb :Sy»UJl) 



<L>- aJJ>-Ju 4 U Ujj^liLi L»Uaj Vl ^UajJl iJlA <j! ^J! jJl j 

AiJlj J»*j jl <LjIj Jju - jlll *UAll j» 1-Iaj 3JLs£ ^JlII c 

AiJliil 4 a j-Jcsa)I AliUJi 4 (jckll) CJ j.^11 JLaj 4 4 aJILJI ^A ^UslJI |JLa ^LmjI . ^la.»< J^a 

» Jllll ^JjJl ^Jp AohJl <***aUMj 4 ^ oJbjil Aftul jJl 4 Apllil A*j 1 jJl c ft J ~£S\ 

(V . W) (Jj JjJJUI 

ajjL^I aJ>)I jtijS/l lu-J i^UJI 6 ydl) fUSdU JiUll JjJjJ f lkJl 


ibla* (jJUi 

(^iill ft jaaJI 4 ii jUil J jJbf Joj) 

^ 

ftjji > 

(.y.d.^) 

C-i-Jl 

a_ji 

jJJ V‘ 4)> 

(iJaSliJ 

<UjA 21I 

i 

A»° Y 

Yo^/Ytr 

Y'slV 

o^«l( ^Ujt SftW Jil 

v4 

n,i 

\ot° 

N1Y/MA 

1A,N« 

Jckll -uj Jil 

JjU^ 

v,i 

\nA° 

oi/i\ 

00,00 

^jyiLiJI (jckll Jju 

LL> 


Y*r° a 

A /A 

vv,n*N 

<jjj* iLi » iiJli 



\i° \ 

rY /YV 

Ar,vo 

ssiu ,>• ^ 

ur-y 11 4 >-j 

\r,t 

r *r° 

A^/^A 

Ai,r* 

ik** 4l)U 


>o,V 

rop° 

YV/YY 

\\N,N N 

• j~£ 2l)U 



Y » V° A 

an /n t 

NYo,^Y 

Us i*jtj 


YT 

tAA° 

i/r 

No. 


4 SljjJlj jLipVI ^ ISJj 

_ iJj-sJl ^ la-)S/ 1 ^JL*j ^A 1-La <~*0 j*/ab>- 0 j£l5 t c ju^ r l fl.‘J lj 

4 L>jl 14 lf^>- (^} jJ jJl ^Uaj d jjbf JjiVl (J-^ vi-UllAj . 1 $ .ialiJ j Jl 

4 iJlllI jl (JuiaJl 4p-*jil 4 aJLJI JJL a bbul.bJL^ ( Jjj£'\tJd\ ^Ualll A-JL> ^lisuj 

(OjJ^jJl) o JU jil AjuI jJl 4 Ool jJl 4 ft ^L)ll!l j\ jJ j-sA J l JLaj 4 ft j .. « - va ) 1 AiJliJl 

JjUlJl 0 J>~JJ 4 (<l)l^jjJlj <uUl AjuIjJI) AiLijJl JjLalil 6j>-j bj!j JjjJ . A~~oli£-lj 

. U 4 (d^SCil iluLJl 4 A-JUl) 

kJjUi ^3 A a* la 4 (£ >1 A-J j_v^ tljLjjJaJ 3 j_>- j_> AijJl 4 j>-j ^Lp la 7 > Mj 

- <JjJj j j-saLJ* (_£^I«Jl*j ^I^P j jj ^JaIJLJI cJj-dJl >ljt AjI Lll^J 4 J^aJI 

JU-il J^Ual-^! - ^J-s^jll l*P j (^1 

^UajJl ja {jA U^JU» oU-ji - £jL^>Sl 4 (^jj^li-uaJl ^UajJJ t o-Lj-L>- 

oULI a^^J ^a JjJj ftJL«JLpi (^jJl . ^jIIaJI 

Erlanger, Ibid., vol. :^p ^ t oT ^ ^ 4 (a\TAo JjuU.1 : \* \ 

4, p. 377. 

jiaJl c ^it c^ll^ i^ljliJi 1 ^ t ( jyjyJO SJbjil ijytjJt -JLiu ^IjUJl jS* (\0 
Erlanger, Ibid., vol. 1, livre 2: Instruments , harpes, pp. 286-304. : 

VI* 








jJl (^jv ~+ J j L ~.*.a ^jv— ^3 L«*.a ^1 j! 63 j_>- ^Jll 

I * j^T <l^-*-Jjl (^| j-J _jJl A--a~~J> A-AJj-L La Lp^J A-j-JLJ 4_flJjJaJl a Jjfe . JUJL>- 4_>- j3 _ 

. l^a aU-jiw^ l$LJ j\ iLijL^u 

aJL)Ul!! JLxj j! <l*w) JJ iJl ^ la.»a jJl d)Li i ^ajti a jJLl*_j La jLjlpVI <jyo L)J->-! ISJj 

jbJ jj 23 U i ^yAj (^ <\r,vo \r *y<u° \ *rY /yv) ^> 11^1 s^j^i 

oU . Lf-L*^ ^ tk>- «iJUllA j] aJU-I aJLfc ^ LflSCJ C^^Qulaj Ajlj\ j}\ 
Ajj y£> l.t>jaJ I a A-jlill JL*_1 AjL-J| ^-a a3j-3j- ^i! AiL-*i! <J .%JL ^ajjl vdUS 

4jlJUl!i j! jjj^i jlJ 4^oiJi (jJL. 'n,n*i *.* <i *Y*r° <i ^/a) 

JJ3JL4 US' ^(jJLa Uo^T i*\A ct»v° A t A \ /*\ O Ajj^IUJI oj^l 

cT* J* 1 £3jl a AiJlj O ^la«) _ eilp a j-JwaJl Ailliil JLxj - ^y k a jJJ I Jj J*>- 

\r,i t r*r° 4 a\/ia) i^^ai j^i i^u <y^j a^iuji s^^ji &i*ji 

aj> * *A H aJJLJI jJ Aj*jl~JLa J,J jJ jJl ^ -.-■■■. d" ^ AJLjJaJl aJL* . (pJ-* *\ *L Y ^ tJh 

. -JUliJl c— A^aj i— JjLdj L ^ 1 dA ZL*a AjcmJ 

l $ n*/9 yA j aJ jlil AjJliJl JLiu . jJ jJLl (_£jLdll ^ - ^ .A ll l AjbjJaa . JbJL^> 2*.<j 

a^sai aJLII jl jj^Jl JbJj (£l! ... A\ /I A) a^^JwJl ^^AJI AilC Jjji 
JjJj aJLJIj jl Oj-ij ^ L ^ )a a < ^ j-* <- (^Jl ... A \ /*\ O 

.( r L.\U,U cjb ^ 0 ,V ,roo° cYV/YY)^-^ll 


^-j Jli jLic>- ^il <1)1 JLft j t <1 )Lxj>- jA LujJ 3JL>fcIj ^JbjJL| il ^j-4j 

! Lo^J., 4 A^llll a J lj J ui-I ol> jjJl _ v— >L^>- UL- 

. (^J! . . . A \ /l A) a jj] 1 Aillj AiL^a c i.^) ^ Ajc^ 3 ^aj l jo\\ v^ J L < . 

JuJl !Jut Jii UjJLa 1 A ,\0 t ja l,i <U 0 ° c ^nY/^H) ^LJL] ^ yaj c^Jliilj 
p. ^ ^ C A-M^alii-I J jXsr ^ JL*-Jl IJLjJ Uj-aj) . O j-s<aJl JwXs ^<^ 5 --^ 

. (a jJu3 j]a^~ Aj^i> « J ^iaJLa 


JjJj aJJL? jl JjJj ^a^ty aJL~w4 c i «,<a ) ^a J tAJa**»^dl JjJj A^JC _ 

4ja V,i cHA 0 coi v^ULt^j c^JUlIj (£j| . . . YV/YY)^^! 

j! j-JwaJl ^juiail JLaj ^j^a JuJLflj jk^p\j < Aj^j JL«j O^jOO 

. A^IlJl 


J J ^ > j»LI ^yi oL^Jaj C.l>-3 Aiau^^lll ^L^Sf! d)I 

jlj ^J-P aJL>«II jll a3j^“La al>jjJl _ ^iUa»Vl aJLftj t J jJ j 

jjU ^^a Lai t«J)]j ^yk^jW ^ ifiu-jlll AllLSJU ibJb- La] VI Jj-J «Uu-jla» 

. ^aJI kwJL^® ^ aL.«^ i^la ^Lj 4 4— ^^3 a!x»^ ^ dll L>Dl (^1 AjLmJI 


(*\ _ ^V)J*iJ JjJL^-l £flj]l j]a-Jl jJail (^^) 

Vl^ 



( o Ja jo ajjUii uu\ _ r 

/-* YT^ j»Lp J— 4^ a— »>V l SjLsAji-i *L*JLp ^_la g>I jjt ^IjUJl 

1 J-* ^ *L-LJ! ^%-aI {j* j-fcj 4 \JoS£ ‘LiwJ ^ll A^Ul j-A lift AaJIp ^jA LLo^> L«j (^ o * 

Jl a^^JI (j-^) *J S jiljJi oi^ j^J! U oj>w<>— « jJ j t l jA^ jl\ c^bi" aJ . JUdl 

. m) i»>iJ.I lljJ jjj]| J-UJL (i_^-l oUJ 

4zl <LlJj (^IjLill ^5*jbj 

i 4 ^ 1 i n T . l l j| 4--.3^.Xj I 1 ^ i a 4 1 * ' ^ j i—P’ tJ^lj Lf>l j [j* f 4 3_ »_., u ^ll 

^IjLiJI JJL^j .y^l ,>• cr ~-USfl ^ ^JlJl Jp SjJLi Jit b^j^ju ai£J 4 oL>«_U-l j 
4 (j— ^^L-1 ; aj^Ij Lg— « l y b JJl ® Li^* V 1 4 ^L*jVI aJL**.* LiUi jl*j 

. {Jyti ^r^-j t 

4^LxjS/I Jl £^"jt p-* 4 «ij Ll till j <jil pJl*Jl J { j i a^aJ^- <JjS/l <— >li^Jlj 

c->LL-h>- jl jLzp'yi 

0>*-> ii-Vl 4_ji <:! V! t JUJL1 IJL» flJLlP ^AAlIl IjL-i Ja>JU J 

*i * * •/* — * Aj t b-S* . ^jJI dJUS a-^Uxjj 4 Ji^— Jlj ^UJl c^.m. J iLoS/l 

. C~>«Jl ,^-y-A jil ijJ> -L+A j *)l y jJl Jjp A-Jai- J| V 1 J-nAj Vj 4 (jciaJl Jbo 

4 p L» *\*\j*\*\) (j£j j-plt : .a-ll (jdJaJl <Ld— *S ai-^-Ly Wf-L>*jVl JL*_i^ d-> ^ >^?Jl I- 4 ! 

= J j^l) LJai- ^jjLdU (^llaJl o i^0 Cj j-vttJl ^jjivaJ Jl (jjJ ^ 4 T • V* 0 ^ 4 ^ /A 

oojl ji jyi*M ^ oJu-L j\ . (jjJj* t,rr t u° 4 \a/w 4 ^ rr,rr 

/V 0 4 j*Jl4 1 1 ^ da JjSlI j . jjjJl J-^ aJssJ-I ajLJI AjjLdL4 ^L>jl 

Oj-haJI i-4 +a‘i <S^ J. 4.,<aJ ^1 jlill ^ * 0^ T^W 4^° 4 VI 

. OA) W /\\j > A / W «*jJL|j J^il» ^ 
j . A-jij^p^/l oLw4-*-dJl Jl ^IjLaJl ^J-4J oLaldil * a]® jd)l 

aJT f-Lj Ajujb 4. Al^J . Jb JL^- ^1 4i— >jj*Jl]\j jljjS/l (^1 djlplij^U AI— <lj^ ^ 

. ^A*j j-s^)I jLujS/Ij oldLAl ^Li j 4 l^J-P olj-^^/l ^ j 

0^1 ^I4UJ 4oM 5U yljLUl A^-^ 4^531 yliT jUJl v li^]|j 

^il 4 — ' ll^ ^j»4 <J jS/ 1 a!>c_) ^3 ^]1*JJ . A^.a.— jil C->LjJajJl J^3jj a1— x j A^i— ^ ^il 

4 3jjJl aJT J_p (<— >L>-jJl1I _ j\ 1 jJl ^1) c L/i\ ^p\y* j~£sl\ 

A;— -L-S/l olj ^^il JjVl 4l*>«Jl IJu • 5JVl oJLa jijjt ff jJi# J Jbj ^l*JI p-1— Jl 


Erlanger, Ibid., vol. 1 ct vol. 2, pp. 1-101. ( \1) 

. VV _ ^ ( A»Jiil 4 \ ^4 1 4 — dj jX/all ( ^ V) 

. \ \ £ _ V^ 4 JjSfl t— ill^il 4 ^ ^4 4 A— dj jJUall ( ^ A) 
.\^Y « 'jp 4 J jS/l (— ill^Jl 4 ^ ^4 4 d... a> jJUnil ( \ A) 

V1Y 




£>!**> l~1 c «T ir wfc ’ •f r *' ~T 47*1 " « r -<10 n 
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Farmer: «MusikI,» pp. 801-807, and «The $ YTA t TVV _ TVi <, Y^» < 4 — aj jji : jJaJi ib * ^1 oLLj- oLj-lal ^s- (VO 

Lute scale of Avicenna,)) and Chabrier, «Un mouvement de rehabilitation de la musique arabe et du luth oriental: L’Ecole de Bagdad de Cherif Muhieddin a 
Munir Bachlr,» livre 2, pp. 382-383. 
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A^jgi S/1 ja jr.JLa jL^I jiM jj * '* la II Jp yl jL«Jl t** jJ ^iJl ^Ua-Jl dl 

( 31 — Jl ^UaJl j*j i j-ap jjl JjjpNI ^ aU^— J l Ajj^b-Ul 

vlJUJl d jiJl UT^' <5-^ ^ (J > (3^*1 J^>Lijl ^IkJJ 

. ^Jl» *1 * * l^J jLjSM <1)1 i oij jUll . j~* £ ' 

t Ijj j±\^\ aJU^LaII ^Jw>Sll *jJL1 l)j5L t^jjpLLiJl (Jj-aII ^LlaJl ^ - 

4 jJL# A, * V : t jlj^ aLwt ^ ^1 cr 4 c/M 1 


vvt 




tUUl ju: jl \i* {y. + jjJ jj* CCJ- Yr°o t arun /oYiYAA 

4 V°Y t Yol/Yir t( JL. r*,iv ^ juJ c > ^ ^iUl 

l iSJ J *&]\ Jju J I la ! 1 (J 4 fcT * 4 ^ 4 *l l JLfti 4 1 ft ^ *. A . J4 . £ 

.Jk o 4\^r° V 4 Y \ AV /Y • £A c |JL* VA^V :^t UL»li JLSlJ <JL 11* iSjL-ij 
jl 4 uL -l L^ U 4.., » L ^|a1mmJI l-V 4 4 ^ ^jL«j b| » la il 

. aJL^U aJL aJL 

aJL J-JLdl iJLft (s ^L«Vl 4<jU ji^-l J J : :L 1 1 Oj^aJl ^Uk> ^ _ 

. ((jrui^ Ji 5 lj jl^j »3 (_^i) Jbu ^1 ^tJLflil ^jA ! j-Aj ; ( jjCiaJl J^ll) aJL^U A-JL 

4 4 -y *1 «L| 4 A_*ol jJl C Ajjlill ^Lol) ® Aj3Lp® ^j-jL^O <L— ^ lIjI J-JL^ lJl 1 Jjb ^3 JL>x_» 

^L-Vl pJLJl ju/> jIjLa 4 UJLIP j ^>*- 2 - 4 ® ULLwO jJLs> Aj^Ljj (ixay-LJl 4 AJLaliJl 

:«j3» 

= <L-iL $ |p ^^4 = <LJIj $ o j = aJL^U ^ i? o j = <-jL ■ 1? 6 j = a-jL ^ j3 
^ |u V = A^iL £ <J y+0 — A— 3 L ^ j| L# = aJL/jU $ <J J-s<3 = A— 3L ^ li = A— 3L ^ ^4 = A - L^ li 
£ ~ A— «-3l_> £ j| V = 4-1— y? Li £ ^ ~ A_— 3 Lj ^ ^ — A— —5 l—j £ j| J = A-L-s^L 5 


. j3 = aJL 

. OJ = aJL ^ jj J3 = aJL * +J3 = aJU^U ^ j3 

Jl-s^I ^ 3 p— jA 4 jl^jjJU lJL*_> j JLp* A_*_— » A-^-^3 - L«-— »/?! jJLs> 1^1 LLjJL! 

aJVI oJl^J AjJj-s^JI CjVLJLI jl . . . . jyJaJlj A-oJLlllj ^ ^Tll ^LxjIj CjLJLj 

aJS/I dJL^J 4L«--1 ^IjLiJl J-sAjJ-jj . J^-ljJl jJJ A_*—*LlJl 

4 juJUl JL *JJ 4 l o $ «a » UUI J-*jj 4 (o J^a]\ 0\ JjJ (^D £-jljlll J-Lll 4(jljjjJl) 

JL*i JJL>a AjoI ^ 3! JL*_> 4 (^jL^J AJJ J-4 ^3 0 j/n */3 ll aJLILJI 4 CJ j ./3 ll J-*j 4 jvJLJLl ^1-3 Lj 

^Ualll IJLa ^ (lJL>- AjcJj jl) I Jj>- aJIp ^jIj Aia-4jlll ilfcj'yi jl . A^ 4 -aliL| { ^>-J 43jjj| 

aJT ^ j*Uaj ^ iw ^jjlj (J^lj^lj JjJj I 4 L? ^J^-l 4 


4>i^ J^vail ^UaJI - 

( ^ 1 p dJUl 0 Ij 2 )l) (rr) a^l Jp Jaat 

4 La jjJ ^J_P A-— 4LLI JUo ^ ■*..,««. A "■ l oUjUli (Jj JL>- J ^-4 ^LJl 3 j-<fc-*Jl C— ^ j-laJ! ) 


V 


Erlangcr, Ibid., vol. 1, pp. 242-262. : 4 jL*l J y- (TT) 

^ jj-lL3l aJT ^L-jJI ^J>\ £ l*-?- j* jL& a ».....» ^UiJl ULa 

. ( . . . jjdi t jUp a— — J l 4 jlSoJl 4 jLJl ; JjjJaJl Jj^ll 3 jjJl iblp ^ oNT j ^iil 

Farmer, «MusIkI,» et : ^1 4 3 ^*JI Jp l ^jJl oLL->- j oLjiiiJl ye (TV) 
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jJLP J \ jtL 11 qL*\ j y ijJal 4*i j . /I i | 4 4> la >Sf ;! J^l 4jjLt4 

<— » (V) «_-f + cJ <— » (l) *->*_» + »-> ( fi ) *--> *-> <-*> (1) (f) l-i (Y) f J y u ! jyjJ? 

cj (V) wl <—><—> (*0 0 l_j <— > ( A ) J u u ( O uj (D «_> ^ *— * (Y) J u U ! ^ 1* (j ^ aJI 3 



(Y _ W) pjj Xjj^Jl 

uyj) aiL^ii 

. (Y* £ *1 c tlJliJl t Jj.'.la .^ 1 ) 


. Lt ^)J LfciLfcl ^yjl^ ^jA 


al* ^ tfy 


Erlanger, Ibid., vol. 3, preface, pp. v-vi et viii-ix. 

Erlanger, Ibid., voJ. 3, «ud,» pp. Ill et cUjjJI ilL* jJI I ^jJI : LaJ 

seq. (calcul essentiel). 

£ A \ lY £-* 14 —*jL> J-Lsoil : t (^L lS' ■ (J - ^ jJi-H 

choeurs jL'jVl £ \ ^ ^ t (transpositions JJLJ) Vf j i A* iY*A ^ t (accords <1)1 jj^) 

Ma 1 (technique du plectre i-ljjJl ^l-L>iJL^l HjjJ*) aM ^ t (decordes 

. (nuances 
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^ — ' ijpy J ^ t j\ SAL j\ * j} ja) ^^IAaJI (JjAjS I ^AJl Lf^ 9 

<L& L as> (. \ T © A 4JA>i j| Aju Js jJL** JL*j j c ^^-wuL-P <uA>- y>A <JI 1 » U 5 1 ^ ^LS" 4 ( \ T A t 
1© - (£ jj^liLoaJl (J|j-n4l)I ^UajJl (_£AJl j*Aj 4 1» $ U*^L> f-L>JLp ^w^li 4 (Jj-*il 

. AjJjS Jy»«JL-J 0 J^ll *L-J| 

- £_jL*>bU ( 4 J jAL)I 4JLm« jJlj jlj^/l CaLlS* 4 4-jjLJ yA ^3 ^jjAJl *0 £jJaj 

JjUil jJl! yJd\ ^Uaj ^1 Aj>«JA*<Lj 4 aJLJl! <Lj! jlJ i 4 4-la.. «<^il 1 ol> jAJl 

(oL>-j 3 _ ^Ls^Sl!) AjJ->«jJ mt 1 J ^QajJLl 

OLajIj <_5^ t jL*l j£-\ C-^-*aJ| Aaj <U«J (1)1 AS^i . 4-lfl-«.* .^L rjVI 

4 4-JLj ( ^ . Ij Jg) JJ 4-H-jljJl A*J L>S 44 JL 3 jj-4 ^Ijlijl J^fci L*JtLa 4 jLs^Uj 

jj-^a J^jAJI ^jJL^ 9 i )j-^o l«A_g^- . (^jvAl?) O j-sA-il Ajljj 4_rjI jJL yjJ-KJ (Jl (1 )I^jAJ| 


^ olj*oSll y> y ^JJl ( _ ? i* 9 

til tlr^ ^rA-l t 

^. . ^J I jjclaJl Jju 4 jL^J 1 t p^jLail l y> li^lajl yj^\ (\ / ^ ) /<— ~o - \ 

.> £ <* IC^- Y*r° <\ 4<\/A t( JU 11,11 :JjSfl 

y j j^J\ t(jljjS/l -kjj tj l^La ^t 4 jL*^) jj '^Jl y* j Lf ^juj _ Y 

.J» A ijjJjA U t £ * V° A t A\ /l£ tp JL- \Yo, ( \Y iJWl 

4 £ ^A° 4 £ /V 4 |JL« \ 0 • ) Oyl jjl jaj t j-J j .i<^ 11 Juy ja ijLwlI _ V 

4 Y 01 /Y£r 4 ^ Y £, • A \^-J>^\ J-f- 5-JM 1 4 ^ ‘W > • 1 j-Uj^ YY 

.jjiy, £ 4<\«° Y 

til 4>* 4-JjiSll JjlLjJl ,j~A-I 4>i^« - V 

- j *&\ J _ AjuI jJl ( j-a jJ| La IAjA^ L r . ^ J^“ ^ _ 1 

ai,Ya J\ ^Ul IJL* (\ /A) ^ 4 ^ £ 0 . r/£ tjLjSfl iuj jl5L.j 

^S' dJlljL; JusA>*A 3 ^Jliil 4_^_>- Oul jJl j^a 1 . 1 d > 4^jjlJl dA_A 3 j^cjJ 4 p-La 

\r 4 X^ 1 ° ^ 4rr/rv 4^^^© ^ibJi ^1 ^ 

. (jciaj 4 rjI ^J l l*. «/3 A>-\ AaIj 4 jAIj-A 

jl$La J S j-JwaJl AiJlill JA y* y jJl ^j-4 ^iLlj L# Jp ji^t Ln-s ^ JA 4— - © 

cJla J^>Jj 4pjLa nr,YA ^1 ^Ul IJla (N /A) 0*1,T0 J\ jUjSM 

^ A^-j 4 ^L*JU twJjf j-a dLlJb Ju^a>Ai i ^Jlil! Jl 1^3^ 4^uaJl 
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.<-> \ c t 4 <\*° y 4 yoi /Y tr tpJL- r*,tv .-s^^i ajlji juJ jf aJUi 

J-«j jJI J-*_> ^jA li>- LJI L»-» a-jL <Jjf £_s*? J juJL j_a jii \ 1 a _ *"1 

. 1 « ft Ml> * (^l . J ll 

ol> jdJl - gUVl ^j^pILjUI JUJbHl]l _ ^ 

Jajj jL 5 La J| aJU! ( j^> ^ yLi j L* J-p ji»T Liw^j - 4 - V 

(^ UY,rA) SJbJbr oU a~ 1 j J\ ^LJl (\ Jt) gjj ^ ol^or cjUjVl 
^1 a-jL JLjIj a*j!j (J^ «dLIJl> 4(JjS/l <-JLJl ja (Jp aJb^j 

. J \\ ijJjjb u 4 oAA° r 4 Wt /VY* tr U WY,Ao :i^L. 


Jl A^> JJldl A^aliM £-y£> JA {jA jJ jJl {jA L» Jp ji*-l Lw? J-« - A 

•Jb^j fcp JL. or,r^ ^Ul IJU (\ /A) 4^ lYV^o ^1 jUjVl oLC 

^jJaj jJtdl A^^aliM JLrj LLs 4L(1>* ji (j IJL j- . ‘W’ j-idl A~~~atiLl <1 )Ll*x3 J-P 

a1)LJI j! jJidl a_*jI ^J l ^dJl ® JjJj *<xjfl I dp ^J»p (J* 1 > *~ > j /a) 

s^V 4jjJyb W t rAi 0 1 4A^Y/T0'n Lfl* m,£o 

. aJL^U ivaiU 


(JI A-s4> jJLil <*J ji\ jA ^A jJ jJl ^ ^ jLl j La J-P L»wi> J-4 l .* ,^,> mJ _ ^ 

J p-L® *1 • , * 1 ^ ^Ul li-A ( ^ / A) J 4 pda £ A * , o 0 ^| 4 jL»jSfl Jajj jlSLa 

^jul jJl JLi (J lij- 4 ^tjlill A^>- (J| 4 ajI jJI jA ( jA Lfrdlj A^jJl dJLft 

<W> jidl illliJl ftJLxj 4 jL-wJU ^ll li-ft (J^- 4 ( ^ / A) (juJaj A-4? jddl 

4jjJyh A 4 \ A *° 0 4loon/o^»M 4^ o^r^l :ouJUl J^; a^-^dl 

. ivaiL LJC (^1 . ^ Y 


s^sLil aJUlJI Jboj 4-JLJI Jlkj La A j k^ / s^aj I 4iL<wJl l - -■ ^ \ * 

.fJL tA,ol cC^l) 

. |^da t 1,AV I 3 ^JwxJl AilliJl J ^jLall La 4jua> jA J (^jL^>-Vl AjL*JI 4-Jjf - \ \ 

. |*da 0 ^,VY ! aL^x jdl idldl J gjLill ( j^J la AjuJ? jAJ (_^jLl>-'yi AjL—JI - \ Y 

.’ A-aldl AjuI ^]|j ((juJaJl) 3 ^-^Jl oldl La Lj4Cs 0 jAJ AjjLl^'Vl aLl— jdl x jJl 

. r^/rY cpia \ •v,!^ 

<JJ 1 » aJI oLjLm^LI {J J-+& ^LlajJ ^jJlJl ^|JL»I <jl Ja_>cJj 0^ Ld-P 

Lj-*xLta«»l ^L*jI A^oJLp J| ^3 M-aliL| Jl-ww-L^^j ^jA A. . ✓a - l> iJL < .d I 

.((_£jLi>-! - (^^lai) c 

vv<\ 



4 ^JLa ! L)LiyL> fj\ 4 A-s^ jJLla AlJlj Jl*_> 4 A-la^t jjdl A-Jlll! JL*_» iJLf-j 

< j^LjJ'yL ta| V j*UaJ! IJLaj .3 r LjjJjA A 4 \A*° 0 t noor*l/oV £<\ 

4 \ * j *K 4 ^-Lo *1 * ! ^a^Jci}\ j^ajL^Jl ( ^-Jwa-J! tjy JaJl) j-Jwail O j-saII JL*-» j Jl*-Jl IJLa 

4 i* /ri C^JL- 1 * :jVl cP jI 4 ^ r 4 J* A 4 UY° £ 

4 JI 3 ct-US ^ j $ LjLa*i« Uj>- ^uoj! (J| jJ jJl a^-mJ 4 ^ T 4-A A 4 \ A Y° £ 

. ^j_4 Jl>JL*JI JLLP |JUh^ c Aj!Ai!| 4-j ^ 11 A^oJa^Sfl ^3 d)L*-s^ ^il < 1)1 Aa Ja-LlP- iLLb 

4 jJLa \ \ 1 0 * A-s^ jJtLa A^jIj 4 aJ A^m jlil AllLLlI «^3 7 JbJiJ^I (J j «^a.)l ^Ua/Jl I JlA ^3 j 

_ 2-^Vl) 6 Ll-^jJ! iJufc £> {X* 4-^j ^V 4 -A \V 4ru° £ iASW /^o-W 

4rAn° r 4 o/£ 4jju \r • : a>, Ja.n s^i Aiini) juJJi ^ (o-p 

4rAi° r 4£* /rr 4 ^ u* : jVi ^>1 p ol^jJi ^ Vj 4^v w 

(jli j-aVl ciUii' . Li J L^JLa I *J>“ Si S ^-*—**5 ^j-4 JlI 4 ^ V 4 jjJ jA ^ V 

. U j jLU (jyjLJl ^ jbJbJl 

4 AjjUll oAaj 4 ^ ^(J jJlIi a ajL ^jjJI y* 

I ^jJl Jjfc ^jJI jli . aJlUL>- ^-g-i 4 £_jjll LyL OoLS' jJj 

^Lu^U gUSlI ja j iL*jVl Aflj j]a A>al JL>tLujL ^jj^-LLiJl ^UalU oU*Jdu 

\ VT,Ao) Aj^^p"LL»jjJl A.>^ j-Aiil 'L'MwaLsM y* Lx* ^ ^ *»a 4 (^^jLjiAJI a la » 

^ jIiJlI 'jSs) gjlill L^laj (U 4jjJ^A n 4 0AA° f 4 \ • Y £ /VU 4^ 

AjI .(sfifl (j-^f (J^ Jajj (jl^a (Jl ^Jlill ^j-a jA ^LstfS/l ola^Vl 

4 ^JOJI (J j-saaJl j»UalU ^>-1 {jA yA jll! jS {j* Lxf-^y* ^ jL2-a ^3 

^UaiJl IJLa { ja OL*-^ ji! oIJa jJL>xij L^-»jj 4 LjLaJU cJi |» 

. pj-lill (jj-s^aJl 

^j-aj ^Jlll L S U & (S (J^ cr* ^ ^ 4 I Jj>- 4 (Jj-saI! ^ llall I \1a <j| 

jJl 0 jJl}\ (Jj^aL*Jlj 4(jL>“ jS Ij t( jJLp vlJllJl j j-fljl) (_$jl j-y ^- ll J 1 -- 4 

aJLiuJI a 3M*JI La 4 ^ il f’LoJLp jSs jlip* IiwmjuI <J L««jj . ( j X*s> 


^ A»aXi>s 11 ^ J 4A-ta<J-*Jl A-jXj-^^il J-jL*» jJlj ^^a^L^^/1 _ ^lL*Ji j^a 

Jj^aJl ^Ualll Qj ^ I^ jLS' (Ja ? l5_/^ L5^ (J^L«JL» 

^J-s^La 11 jallalll j 4 AjLjJ1 ^Jp (j|1jLaJ1 A^J^»1*^1 

^^yL^jJL (^1) jj _^-ll ^JaA) XS' 1 ^43 ^ j-*Jl aJI (Jp ^jjJl ^i-s^ ^jJl 


Kiesewetter, in: Farmer, Ibid., p. 804. : Jail (fO 

Erlanger, Ibid., vol. 3, pp. 220 et seq. : ^ « 4 jl j^l L->b^ Jp 4 JU- jX\ : JaJl (fo) 

iJL- ^J|# c 4 LfJL Uj TV L jP ; £ £4 4 jl lal ...11 (J| OJLaj aJ j^P <1L*<j I UajI jJaul 

Erlanger, Ibid. 4 L 4 JL l*j T ^ \ ^ 4 i 
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jjJtll j^jj A^jLl^-Vl A~J^xljl (3 jWL (^LpSfl jl 


2 J:L£- 

flk tJy^ljjaJl ^JLpx1«*j ^Jlllj ^ l la ll ! JjIaII (jj-soJl ^Ualll aJI*^ jl 

J«AjVl ^jJl aS^ jLU L*5^ 4 j-»ilxJl c) jjlll ^L^IjiM J J.;.*Jq. 1 1 (Jp (^IjUJl ASjIJJ 

(jL>-^A-l ojIj. a . 1 ^1 Jp j^U t^-lp <^JlsJl u^ill aIT <Jp 

j j-aJl) j 4 (jJLp jj-SJl) aDI 3 -^-^ J ^ cr^ tlr^J 1 ( j-^ £hLt^ 

^UM j>ll ^ l^ii L^i ^ U Ji f^' IA* d u-J ‘(^ c^ Ul 

• ^ y u? |lj L*yJi (>• ^ c/ 5 " 

2 ji AL* jJt^l 1 Jb~L>- lilp ^jliJl _ I ^UJl A>-lj 4 jJLp l j^«lill 0 jJSJl j-L#j 

Ao j-A-)t AjL«^ ^ 1( -bll£Jl ^jAyji ^il >JL.H. ya.il <jJUi ^jA ^jJ jJ J C ^^aJ| ^ILaJ) 

. O j.ygJl ^jJJ AJLspVl JjJbcJl oljLil jl oLa^p 4 Ljiliajjj 

(_^jp yA ^LoJL>-I (Jjf (jjj»JL«Jl 0 J { J* jJL$ 1 ^j->- j-« cJlj L* 

LIU 4^*Jl aJT Jp ui>U iJL-.jll ol>JLLyall LJU3 Jii L5 lijj 4 \\X\ 5^ Sy*U)l 
Vlj L* 1 g a i g - j ^ a jil ^VjJ ji . oLpUj^ 1 j L^»Ulill ^ la « 4 Ljj^ JLfi £_*_>Jl! 1Jl& 


VA\ 




_\A_ 




<#) USLJ jjj . { 

. A^jJLflil jj) ..<3*11 A.La 1«.>».4 A^-aJp oLo^ 4 Ajj jJl ^»Jp ! 4(L)j^<«Jl |*Jp JlSLJLj 

4_v^-jL aJa^I \yi aJ jJ-Il o ^JaJl ^_<k_» 4 *JlJ1 ^j-i 4 ^ ..<.*j i^Jl AiJLA <jl^ 

Sj^~Vl ap j-*_£ j\ a)T J-pS/1 ^ ^jLfu cJlS' «mechane» aJU jJI A^JXlli . 

^lll Mla.^Jl oVVl® |*JL»o Aa-J^j ^IL.^ll jlS* cJLUJJ Ap*djj . APjLJl 

.UJL^ 0 ji a1sL>*»IjJ aJLaj Jl^l <l\jj>Klt 

pJLp* jl ^IjlpS/I jJLp £_* Si jLJlI j»Jii < J_p j Jl j*-Lp jj,n «^a.j j j-JU j-Jl OLS" 

* 0 0 0 

j ^3 Jl3 j . LiL-JaJ I^m^S j b^laj ^3 I ^ISj 4 

jtlJl j 4 4 j ^ laJ Aa-J^ ji jP j A-xJJ^Jl J^j jA JjVl ! O Jl |*Jp ^ jUl^l A^jJLaII 

aJU- 1 . ( ' ) AJL-iaj aa~J» jA j-ftj (Cinematique cISCjLj^S') aS' ^J- l ^Jp Jp jSJ 
<Jl->ol p-j . d-jC (jjl jj aJL>* AajIj (JliLa ^Jp jjl jjJl f j*j \ jJ dojis' 

{j* <JLp iSy~^. jz*~± c^AJl ^^-U^Jl <*~~3 jLUl ^ pjp ^ J-aill ^ 

. AljjJaj ^ d->L-pLijJl ^ljL>d»^l 

ajJLpIs old j jiUl pJL*J (Cinematique 4 jLdSCll) ^ ^J-l jJiaIj U-i la! 

. aUiII JL^VI J-ajj jJ a.,<? .^>» ll «4 U J c J^*Jl J-j-iaill Jp j» jJJ 


. jA _ ^Jl ^ jJL«Jl (♦) 

. ^ _JLlJl aJU! J-ax1I Ijla <*: jl > ^15 
Pierre Maurice Marie Duhem, Les Origines de la statique, 2 vols. (Paris: : j ^ ■! ( ^ ) 

Hermann, 1905-1906), vol. 1, p. 16. 
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• Lfi jlj-> Xp a*#Ij JUL. Jp ^ijSj pL«»>-S/l jjjl ^Jlji C-JIS* 4 aJI^I oJut 

oL^ ji Jp j^o jj 4 j |tA*J A..>. p jJl oIia jA\ {ja 3t>- jjL^Jil i I c-JIjT 
J^l ijy>- 4 ^-Jj-s^> oL^ jjHI oJLa jj^aju .JU»:p 1 Ji j 4 ISL^Lj jJl ^JLp 

L*-pj «^iJUlXdl JjL^— JJ ^Tji jj-^-~Jl pJLp lT 4 (*-““^1 I J-a jl . j->-S/l 

. a) Lr JO,>^ J Si 

I <j\H# JJ A*^Jl^dl C->l5" J^A ^^7 j jili jdl Jii 

jL>- Oj* (j- 4 1 4 « « a > frliJj ^ J-'* ^ ftA. * * . U )l» ol£ j^A - \ 

. ( JJ& J* ji— S’) 

. ^jU- jjL ^Jl UjjJl jl ti^l* olS ' jiA _ Y 

cJl5 Jij . ^ -<.« j>J Li jf ajL^j j?**i ^ A^x^laJ I aS* j^A'b ^UjlJI jlSj 

u^j 4 k JdU I J-A -L> J-^- Jl J j-sP> jJl Vj! (jL jJl jj^—JI |J-*J <JjVl J^bdl 

il jj-->l-A ^ jjg -Lfl_# . A^ljjJl ^y+0 yA JJiiJl j-4 .iLs^l ^^3 

4 p— Ji {j* <\al'S Jjjdl j£ jA Axil jJl I JL*1 aJL#3 A^Lj Aptw> ( JsLpl L*5 4 L*U J 

c-^JI iJLf! j . aIsJLJI oJLa ^ ajw? j pjo Ujllp jjl >» *JL>- ^ JLj ^-~J-I Id* jl 

. Aj jQj j j^*»Jl pJLxj ^ijl>- ( y^Ay^S j\ jLlp| L, ^ 4 didJb 

^j«4 A_P LsALjI o3JL>- Ju 4 Jb>-lj ^,..1 ^ jA I 3 J-^ 

JiwJl <Jp a^L^> ^ jJl 4 Ajil jl) j*UJl IjlII JUS JL«j ^jj . ^L^-f a^*>\j ^ jl 

aJL?- ^ j ^5J iS'jLLi* j^p jl UJ (commensurables) aS'jLIi- oL^ jU : Jbil 

^ * i\^ l^| Q LiMl J» 4 U^l ...oiT ^«P cJblj) ^ ArtMk^LtalUt C^LslwM*>4 cjjljj 

. ((p^“ jlll) Aa! a La {_£ di S^>*l jJl 

Jii 4 UajI Jiil j*a*. Jl ^1 (JjIj-wJI jjl jJ ^Jp) 15CjLu- jjJUfll ^J-^l ^rji 

4 ^3 A^JaJtll ^Lw^Vl jjl Jj AjjJaj ^jl$l 4 ^ b jA 4 jt jLS^ 

. jjljJl lip oLj ijAJ* {jA J jIj 

4 J>-\d,\ j^aa Jl Jl grji Ail# 4^ jJ-\ ^^J.1 J^i ^ ^ 

. l^ijl JJ ilai- ^ illJbT Axil jJl cJl$^ 

4 Jjlil jj^-Jl ^ Lp ^3 L*-«.jjI ^JLUI 4 j-Aj 3^- jl# 4 I Jl^Aj 

JjL^® Jp jJa; AJlijJl a^jl^JI J > oil* 4 JjSfl ^LM ^ : JUl JiLlll Jp a^J; 

ilU- ^ A*ilj ^ J& 1$ jp- CJ153 4 AJlill aJLU L#l ‘OuliJl jjl jJl aJU- ^ Axil ^Jl 
. 3 yb Jp a1oJL> aS’ ^ p- JJ 4 l^i^lj^ JLp 4 SjJ J3 .L3. d l jjl jdl 


Ernest Addison Moody and Marshall Clagett, The Medieval Science of Weights, : j-laJl (Y) 
latin version and english translation (Madison, Wis.: University of Wisconsin Press, 1952). 
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j j-^—Jl ^_Lp d)i LJ j-^Joj ^.L ^Jl d)j j-ill <iJLlSLil ^JLp Ll^> jai^I 1 S1 

jjlj d)l jjJLplia.l^lj 4J1 • p-J-dJl JLjLdlJlj I jjLj S^lil i^L^-jSll J-P c d)LS" 

jl 5L*JI ^^JLJl ^ j)U (1 ) ^J«p cJLsa^- ^yJl aJL^-p ^^jLj J~x.1~.jj 

^1 <L^<JJLft cJl^l k jJl (j j jill ^3 (1) ^^~xJl |*J-*J JjVl ol jJaiM (1)1 . 4**j JjjJl 
^JLi-ji JLk-pI li*>UaJl oljj jJajJl j oL> j jJlJl J! £_>• jj c <S y>~ 

cJlS' JLi j . (Vitruve) cJ j j ^jXiL-Vl ^ jjLj j j j jia~j J j 

. (Jl>til IJLa ^3 4jJI> <U^I jJa**»jl JUpI <lA>~j j^J oLs^ 

c-il y*j cULJlsai j*Ap ^ JL^pI cJlS” 1S1 L« d)Vl ^ LJj 

oJjb JJLa ^JLJ> c (JL>- (_^1 J-P . Ajjjj-*Jl Jl <J« ^ j5 Jji ia^Pjil jJa^j jV liwlJLil 

j-sA^Jl ^ 4 JUAII oliJjil j,.# 3 J 1 p LJl J-v? j JOi t JjLfllLjj . d)N! c5 i>- 5J oL^ ^ill 
Jl L-J 4J*J^Lll Jl 4-JjjJl <jj» jt 4~>j*Jl JJ 1*1 4^* ^11 j i (^JxUSw^l 
Oj j~a Jl ^ Ljjjjl ^ Vjl J-5 oLLJjll o J _a j! jlj ^xIjI 

jjk j . ^3 j Jl^JI ^*JL*Jl 4 X>-jA d]Ljh c->Ijjij 1 L*jjyp l ^J a »*<^Jl 

(j\-aJjll JL-pV 4-j^jJI J,| U jJ 1 oLs^* ^ilLj 4 JL j— J l JJ oL?^ ^ilL La-j j^Vl 

^ (3 jjJl ^3 1 j»UjLa 1 j-4 oUJjll aJLfc 0->wsi>i JLd3 c 

‘ tr-* jJl J — 1— Jl V’-lj Cr“ ‘ ur^J ■ c^ a -'^l jj^Jl 

(1) J j-5Jl ci _^--LJl L^JlSLa J 4-AJiJL2Jl jj-sAxJ1 L^-jI^^« 4ja.*.**i J 4jli->- t ^*xLw^l 

1 ^ jJ LJl cuL^gj jUjj J^gl (j-* 4.LL.W-* oUJjil oJ-a . ^jia-^^Jl 

! U?li>- LaLftJlAl 4 A-jjjJl 

, (r) j^i j ^jJsy au. -ci _^j ^jjiy v ^-j.i ^i _ \ 

j-p Sj-J.L-a 4 -JL-j^UI Jl j-ill t (Liber de canortio) C)lj-*ll c^Ll^ « oJ^it _ Y 

((jLjJl) ^pjjJLpxll (^^jP'l^JJl (^3 jlj-ll 4-M«/!jjJ 4 ^jL5 jJ\ 


Franz Woepcke, «Notice sur les traductions arabes de deux ouvrages perdus (D 
d’Euclide,» Journal asiatique, 4 cmc serie, tome 18 (septembre-octobre 1851), pp. 217-232; 
traduction anglaise dans: Marshall Clagett, The Science of Mechanics in the Middle Ages , 
University of Wisconsin Publications in Medieval Science; 4 (Madison, Wis.: University of 
Wisconsin Press, 1959), pp. 24-30. 

Moody and Clagett, Ibid., pp. 55-76. : Jail (O 
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( Liber Euclidis de ponderoso et levi et comparatione corporum uLljll _ T 

• L^p Jcjf; J* LJi j (jjJJl ad invicem) 

JuLiJl ^ 4 JLL* jl j jjo Ljj^ y 4 dJUS fj,\ t jl^- jJ l*-5 

^-LJji jLJl p.—— 2 .11 JjVl ( jJ>\ jU^kij JjS/l lj->- jj» Lj> j-p j»JlaJ ^ 

i> V ^aj • (^-adLLlI V 1 L 4 — 3 ) ^jl^-jI 

. dr 4 ) L r >t '^' 

4 <jjJ^SL~*y 1 4«Ia- jll JL-pI {j* La jj^-A iZj\Ja\ja ls^J JljLmma 

. *S I 4 la « J j-> 4 N ^1 '--Do jl5i *! j— t lidL* 4 - 0 1 jJU ^L*JI lull (1)15 

P_Lp jlJLaj jJjj t oLLSjII o -L a t— 4 C~jl 5 JLi JL2JVl ^3 < j^jlJLj| DLL* jl j£->- 

. (j j5 — j 1 

LLo-kjLmJlI j-LJl I a^- Lj ^3 L»L>-I ^a LlLdil ^3 La jl>»jl»— ll j\a I^Jl j I j j 

UUdl ^5! 4 did ^ol jjo ^ 4 ^ ijjSl il LUil jl V! .^aJiV J^Vl ^ 4 ^ 

. (Equilibre des plans) CjLjI-LI jjl y 4aJj^ 4^0^ j! jl^lj <i 

^j^Lj j j la \ a ^1 ^ j JL-Jkl jjJtSLlil j_4 Jl2A!j 4 AyP*j\ t_ 3 ^Uxj 4 Jj-^>«il c-Lljil jl Vl 
I Jill j! J--P . ^xJ-LA Jai>~ Lr ji5l ^^olj £ljL5 4-*^ jJl ^^UjSfl 

. UJ ^UJl J tfjLiil JtL‘bU VI LJU1I oJu J jky f Ul 

l j - - ^ * *■**•* jj 4_4 ^p^ll ^jlIaI aJIjla jlaj (j^ »Ll jiiii Jjli u! 

j J-SL-Jl ^JLp ^jjL o JU-L>- a jJsl>- JJLoj J-Aj . 4 JL 4 II 0 -La ( j-4 (J-Oj J-SdjLj c-JylL 4 jU 

4-L1-3 (JL^Lj ^ V ( J l ; 1 4_oljJl IA-a La^LLjLs . J, - ^ J l 

4^j-*»jL?x^L 4 jj^U tw^, jjl jLl La^“V j-*^Lj 4 ^UU 

a j^jaJl yj]aj (— >ll^J( I La ^y3 ^y-xL»S/l jU 4 IJL^Aj . IaLa^# j-sAiVl 43 jJd 

4^aJL>cLmmJ ^jJl jIa i^JI <j| . L _ (J 4 jLrL!^ ^^JlLiV La»P^ L j ^lLl eJjlxJl 4— A^Jl 

(j* 4 40 I j _ ja jjj jl jAuJ c ^xJl w» jLII ^Lp j5j^j jlj-JLI 

ILaj . 4 la >» J ^yi (J-Lica Ju?“ jjjj jLyt j-A 4 L-Ll^-la aiL* ( j-a « .^3 A J LoLj 45Lo-— 

4-Olj 4 -dJ-Oi I ^rfA-u^^l Ajj )iU (j--Ja. ll 4->v^l) jA 4 ^^IjJl ^^y3 4(jLA^_Jl 

• j jj ^li (_$l 4 A+a.a?- 

4-m-D oJ jJl j 4 La j-p jll jj-jlJjI Lilia {ja jljJll c^li5 k— jjiL 4 diJLJ L>*-jl> 


.r^ _ \r ^ 4 4 -a: jjualt (*) 

H. Zotenberg, «Traduction arabe du Traite des corps flottants d*Archimede,» Journal (1) 
asiatique , 7 emc serie, tome 13 (mai-juin 1879), pp. 509-515; 

.oo _ 0 Y 1 4.-ij jjuall ; ^ 4 a* j&\ 



oliJjll JL>-I y U<sul c-*jji All L*5^ . <_£ 4i**>- t j-* L^Ju^So 
aJ_>» ^ 1L> A-laj U ^c. .»- » <_> La I -La_j . aJ t « | HI j^k.ia ^3 

. Ojjill ^ (3j-iJl ^ j^SLJl p-U- J^kj ^ 

^1 A-jlJL^-I <JjJL>-l (jjUl 4 C->LiJjil 6*1 a cjLiS^ VI 

yXJ?*j\ AjjJaJ (J :: la" IjlSul jJ 4 (oLj-I.m *j 4 ^, a:^a I? jJaJ>-) A^JLLa ol Jb y£ 

(^ c *O^J <l)jl J^l C5^ *£**Lj <> ^ C>JJ V <^1 ^ A-Sw-»!A5CJ| 

. L$iSLi J Iji A-^-L^jl C-y-i jj tPbj b p-fr^ .y ( H S > <j' (>* 

t jU.i ji JL^pi ^jAkj (jiibJ Lifer Euclidis de ponderoso tiJliJl Jiiil » — aJjil L»1 

. 5 jiilj jj—ii-lj jlS.il ^ <;!»■*» jVl ^■•.aLl.JlJ 1 ^. — dj u -L>»J 4-> 

N iJU»Vl JUoVl ( j-a jtS\ 4„jL)^ 1| iJLft ^1 JJaJ 4 ^SIjJl yj 

y aS jJ>-\ AjjJaJ oJLpli L^ajl Aljlyaj viDJlSj 4 jj jJl j SjJaJl ^-^LLa jtll dJLpLaS^ Lo^* 

.Ja-jJl Ojjill ^ (ij-Ul ^ CU^-j: j^Jlj *L*Jl J* 

J y y jMba c-iJj-a A-aJila lLUJLS’ j 4 Liber Euclidis de ponderoso uJJjll lAjt j! 

^j-, .^1 L*-s3 j jl5 4 ^ o\y+j> aLl^Ijj vil5l^*Jl <^~Sfi Jujl^- JuL^j 

. villi) jJUJI 

^4 villi J 4 (_£j-U£^*Vl jj^LJl |JLp ^ LsOjI 6JjI£ j C~J >T jU iJllAj 

. A^CjLSL-a (j-4 oL^JLb ^JLaJ ^iJl A-i-JalJl jJ-Aj J*^L>- 

c-4 j J^j 0 jl^ clLa-pIj A-j-^-hjL^Jll JjUtl jLlJl l*lfc Liu -^-4^ 

oUJjl ol> jj Jp JUp-SII al> cJlaJLil Jlij . j ^-1 *j 4 

JltU jSJj) oliJjll aI^J La jJ vJbL>-j j-i» L^J 4 Aaj Jjill jj| 


Thabit Ibn Qurra, Kitab al-qarastun , arabic text and french translation by Kh. : ^_Ja_Jl (V) 
Jaouiche; a critical analysis of this incorrect edition is given in: Wilbur R. Knorr, Ancient Sources 
of the Medieval Tradition of Mechanics: Greek, Arabic and Latin Studies of the Balance, Istituto e 
Museo di Storia della scienza; Monografia no. 6 (Firenze: [n. pb.], 1982); german translation, in: 
«Die Schrift iiber den Qarastun,» Bibliotheca mathematica , vol. 3, no. 12 (1912), pp. 21-39; 
english translation by: Moody and Clagett, Ibid., pp. 69-78. 

Thabit Ibn Qurra, Maqala fi misahat al-mujassamat aTmukafiya (Livre sur la mesure (A) 
des paraboloides) ; traduction russe par Boris A. Rozenfeld, dans: Nauchnoye nasledstvo (Moskva: 
Nauka, 1984), vol. 8: Matematicheskiye traktati, pp. 157-196. 

Heinrich Suter, «Die Abhandlungen Thabit : f^\ t UL$J iJllS/L LSjsr ^ y y 

ben Qurras und Abu Sahl al-Kuhis uber die Ausmessung der Paraboloide,» Sitzungsberichte der 
Physikalisch-medizinischen Sozietdt Erlangen, Bd. 48-49, pp. 186-227. 
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(1) Jk Jl L5jJ I la . ..t io^jjl Jl Jj (_£ JJl v^Ltl£JI iij > aJ 

. (ti^l 


j^Uail M ijij * Jl |%JUJ 4***5 jJI oljLiJI i Lili 

. Jl <J^^-Jl |»JLp Ljj (JjIjLj 4j^\j Ll^oli 

v-JLsiuj 4 JsULI j aJLaj ^JJLa-j (_^Jill (_£ jJaill o ^^ mJI |%-Lp — \ 

$ 4j jjjJail AjjjJl pJlpj jia«o«jSl ^abjJiJl IjlII 4 JI 

i^jJi oijjSn UL- 11 -JJJL 4 J 1 - r 

«mechane» a-*JI£J Li ^J-l jjJl ^ j J-J-l ^JLp ^1) <pj LJ l oUVl ^JL _ V* 

«Lx..~Jl o^/NO) apIw» |JLp Jl 4 « frill ^ij ^JLp» Ufijl <^JJl 4 (aJU jJI 

^Jl (J^ J5-i! ^3 L3 j-JLil JJ aLLpI 0^ (JL'IJ I«Xa ^3 . AP JmII 

. LUISLil ^Jl*J <_£ j./aL I * fljjjcJl IJL la..^>lij ^Lju C-olS" 

(jj Jill Jy* j |Jp IaJJ* Jw JiSl J^l^-I 03jJl LLLj 

^ ji ^ JL-pl Jl>- c A-j-^jLaJL jl <Lj-kJL Aj jJL^L oLaJJJ oJlAj . 

'yj LJl Juaj ^1 JL-pS/I jaju <jl (jy>- 4 aJLLL# ^ j->- L-S” 4 If- Lis' Jl LLlJl 

.^j^>-I v— jIiS’ 

^ J->«jj . ( J-J-l |JL) ^^^yLjJai]! u ^SLJl pJL® d^>- jjJlj JLpSII aJ La aLipI jl 
ol> j axp c^iS' jJlII j (^p^LU ^-Lll j Jill) y> c-AiS* L$ : ^ .p 

jJl& jLI j J ill) ^jj^JJ L-»JLjJl J^J-I o ^ jl>J Li” 40 ^iS* 

jj JL?*I J-J {j* (jjjLil »11 4jJLL e jJLli 1 . J^*l v->U^ 4 jS L> u~*y* {j{ i ( ^) 

^ jJLaJI ^jjLj oLIj^j ji ln./x.4 4(_5 L> .aJa../a.‘>j iJoL>- J-P -L*_^ <l)jl w I I Li 

^ ( \ ^ ( l4j-*^I c^LDl 4 ^jI jiJl . 1^04 4 c-JL>- ! 4_L>>) T ^ jJ jj>^.'ll iJLJL- 4 <L>*iLNl 

Mohammed Ibn Musa Ibn Shakir, Band (Sons of) Musa Ibn Shakir: The Book : ojJLCjNI ^jlII 
0 / Ingenious Devices (Kitab al-hiyal), translated by Donald Routledge Hill (Dordrecht; Boston; 
London: Reidel Publishing Company, 1979), reprinted (Islamabad: [n. pb.], 1989). 

F. Rosen, The Algebra of Mohammed ben Musa (London: [n. pb.], 1831). : Ul» 1 Jail 

Abu al-Izz Ismail Ibn al-Razzaz al-Jazari, A Compendium on the Theory and \ j~. la j\ ( \ ') 

Practice of the Mechanical Arts, critical edition by Ahmad Y. al- Hasan (Aleppo: University of 
Aleppo, Institute for the History of Arabic Science, 1979); english translation: The Book of 
Knowledge of Ingenious Mechanical Devices, translated with notes by Donald Routledge Hill 
(Dordrecht; Boston: Reidel Publishing Company, 1974). 
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0 _ U) ^ djj^aJi 
J-J-l ii^A* c^l^ t tij^-i 

.(rn\ t^JuJi JL^I 

. «> yj> jJL! till ( j^< ^jUaJl 11* k^.^j 
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(r _ \ a) 

V— ^ ^ 

. (Y 1 1 *\ \ u*lJliJI Ji^t a!» jJo^- c Jj.'.U.^l) 
i <jyu# jIJuuj c-jIjJL)I .At L^-iiP j ^t-Vl Vu-j 

- j? *-* vM' u* £j£-> o 5 *^ 1 -iM-' 


VV 


IJL a ^ o j-llO (^^A\ 

(J j^a . 5 <y* j t i*p ^11 <JUp 1 <dJ-JliLll J y- j-i-S/1 IJla Lf-lS ^yJl J j^ajjJl jLUNi 
oLp j_^jJl1 oJLS” jl5 j . jjj-y J^J 4 « I t ^11 JjLJL) ^~>\sS oj-iojl 

Ia , dl . i IX-JU |(rfj 4 c3 ^ cJj.yJl 4-j-«JL>Jl 

v >Lal5^ ^L>ai ^jill c ^ jIaJI ££jLu ^ jjl ji-l <Ul jlp (^1 ip y cJli' SfL^ 

t diijiP o^- ®^li1 ^oj ^Jlp& djli” ^il yj . cLLjI^-aJLI L* 

. ^jA ^ ■ ■■ iJlJjl j*1pI dJij 

iLL Jl \j\ ji L .bJLP Jil iiiJiJI oujUJI oli JUpSfl Ul 

Outi) ^ L^l* ((JjJaJl (jS> I jAj Olj-* 4 ) ® j <y oLtljil ^jA 

<\ LJl cJla yw> ilVij L>t ^Sfl y v b£Jt lJU J .(^^LLI ^Ul jyJl) Sy y 

jUl 0 yJD 0r> jjUJU iui^U ol>- Ltt jl y* . ^JUl j v^UI <^yUl y 


Avicenna, Liber de anima seu sextus de naturalibus, I, II, III, edited by S. Van : j la ;1 ( ^ \ ) 

Riet (Louvain: E. Peeters; Leiden: E. J. Brill, 1972); AbuVAli Husain Ibn ‘Abd Allah Ibn Sina: 
Kitab al-Najat (Avicenna's Psychology), translated by F. Rahman (Oxford: [n. pb.], 1952); Le 
Livre de science , traduit par Mohammad Achena et Henri Masse (Paris: Sodete d’edition «Les 
Belles lettres», 1955*1958); A Compendium on the Sotd, translated by Edward Abbott Van Dyck 
(Verona: Stamperia di N. Paderno, 1906); 

{JbLj- ^i^oj t ^j/i *. II) J jaa II : L ^ .* £jj 4-Ul jlp y jj y - Jp jj! : L^ul ^Jijl 

yj *UJJ 1 ^ U\rr\ d.d.i] :d\j^) U t oljLLJI ILX. 

(j \ jjJ . ^ yD t oi ; « . .L II _ ,t II i \ <1V * 4 ij LhjL>- CjLc- : OJlJ) 

Lj5^j jJLJ t ^11 jJLp 4 (—-(IIS'* : T 4 ( \ » c [ . 0 * ■ “ yl-iJO JLjlj . ^ j 

. *V 4 oLs^ljjll 4»-UjJl* 4(\ < \^t 4 4_J^il jb I Sylill) 

Abu *Abd Allah Muhammad Ibn Ahmad ahKuwarizmi, Liber mafatih al-olion, : jlh Jl ( \ Y ) 
explicans vocabula technica scientiarum tarn arabum qxtam peregrinorum, auctore Abu Abdallah 
Mohammed Ibn Ahmed Ibn Jusof al-Katib al-Khowarezmi, edidit et indices adjecit G . Van Vloten 
(Lugduni-Batavorum: E. J. Brill, 1895), reimprime (Leiden: E. J. Brill, 1968). 

SjJL jj-JLp :^jJI aU jA-j*-) jl j+a <^1x5' 4 ^Jl jl»p jjI (\1 w ) 

N. Khanikoff, «Analysis and Extracts \ ^ 4<jjJl51i)/ 1 L^yJI LajI ^kll ^ ( \ A t \ ciJUijJl 
of Kitab mhdn abhikma (Book on the Balance of Wisdom): An Arabic Work on the Water- 
Balance, Written by al-Khazinl in the Twelfth Century,)) Journal of the American Oriental 
Society, vol 6 (1859), pp. 1-128; russian translation by: M. M. Rozhanskaya and I, S. Levinova, 
«A1-Khazini Kniga vesov mudrosti,» in: Nauchnoye nasledstvo (Moskva: Nauka, 1983), vol. 6, 
pp. 15-140. 

«A1-Khazini,)> in: Dictionary of Scientific Biography, 18 vols. (New York: Scribner, : j la il 

1970-1990), vol. 7, pp. 335-351. 



dj jJiil ^ (j jJL II ^ pJLJ J^u A jLjlpI jX*j t 5 -Dlj (^p^Lil 

jJiJl p jM) l 4j^L*i Jl*jpSf oJuJlP olj^- A jLS ^ JLdJ , {j )*** jJl 

j ^ 1 ) ^ jl J\ J (^!>LJL] jt* ci->UU J ^UJl oU ji]!) pJ^Jl j (^!>LjLl ^ILJI j jiJl) 
(^!A*JLJ jJU ^liHj ^Lp ^U-l jL jiJl) f U4 (^^LUJ ^ ^LLl 

. C^U» -L* JUpI jt J $ JU J 

JLs j t a~*XJI i^U v-*Vl ^y> ^Lr J-* 4 oUJ^ll il!L‘ aJlJL* i5L * j 
<J^i->- L*_£j t <-_>wLr 1I jljilj l)^L*-«JLJ ^p jii\ Oj^Jl jujl^ <31— A cw? >- 

^3 Aj^SjA ^ ..-^ 1 ^ii e-Lft OjLS' »X$ j . 4 ^ji :r Jca-> V jJL- u .1 C.‘. ft *,ti 1 JLflj JjL-ii aJL^J Aj 
^3dj*Jl AillSj ^ ^aJL»»p1 {j* Loaj l*J oi *-Uj> 

. <JL>ll 11* ^ JUpI <I)t Oj * fjA lift c^Ll-l y^j 

bj£J\ |JLp : tells 

t (^Jxl> Oj jl3l cJL- jP ^Al a**»-S^JI <j ^XJI ^Ap JjLkMjfl l)| 

oU^JoJj 4 ^ <33j-^ j c Z^l ^aLa^j AUISj t oL^jJl pUiij 1 LLL-^ LjIj L»A 

. IXjIwj^jl^JL I 4 ajLI j <3j 1 jJl j 4 JUJl ^ 

V ^ jiiJl (1) ^XJI ^JLp J5L*- j -Aj Lol 

Jp 3Xjj jlS' j jXJl jJLp ^Sf iaii JUlp lift J . ^ ^1 j-uuJl ciiii 

of j_ft X< . . ■ i < M . . .i i LJljI J-j t dJLilXll plwj ^Lj.lIIj a^xJLi^JI -xJLiiJl dJtj 

oyg : »<«- l l |».l P p *Xj 1 ^ la 1 d ^Ji ll ^ c 1 w H j 

jJl^ t aS ««» * <J^>" ^jJLdJl p . i »Tl , 4$ ^t***^1 i^' 

| ».^P (J yst-JlA JLpIj Li Lj iillJl ^iapl jj 4 ALLaI 1 (3! LH 

Abu al*Rayhan Muhammad Ibn Ahmad al-Birum, «Maqala fi al-msab allatl bayna (U) 
al-filizzat wa al-jawahir fl al-hajm (Le Livrc sur la relation existant entre les volumes des metaux 
et ceux des pierres precieuses),» traduction russe par M. M. Rozhanskaya et B. A. Rozenfeld, 
dans: Nauchnoye nasledstvo, vol. 6, pp. 141-160. 

ilr" 4 ‘ ^ (^' S. Kennedy) tS-^r^ ■ y -> ^ ^ il* 

. (J| Ll>- JJllij ilo ^L>ll oJl^J 6JL>* jJl o*— jJl OvJ ( Oj j~> 

Eilhard E. Wiedemann, «0ber Bestimmung der Spezifischen Gewichte: Traktat : jlk Jl ( \ ^) 
von Abu Mansur al-Nayria iiber die Bestimmung der Zusammensetzung Gemischter K6rper,» 
in: Eilhard E. Wiedemann, Aufsatze zur Arab is chert Wissenschqftsgeschichte, Collectanea; VI, 
2 vols. (Hildesheim; New York: G. Urns, 1970), vol. 1, pp. 243-246. 

. (p-?* jlO • jjtj jfS\ o ^ maiH lift ( \ 1) 



l cti*iLSLU ( j J a*t 4->«-1>j * ^JL-j^jV JuIaJI Jl^Jl j 

L^A>-t t ^juili^- otujL>- {ja i ^Jl . . . o jaj i JJiiJI j$ j-*j OjjJl j 5 j^JLjT 

j^SlI j (jli^l) 

s^Ji <jai)i lojjI I - ' 

UjjiJl <_** ^ ^ cLlol^-ll pS* ^ ^rj*' ^ <J jjJIj S^iJl ^pAj^jL* jj 

I AjAuZ- Lljj iJj^C ^jA 

t _ f k*-jS/1 « l _^ tr kll £-^Ll» ^y^ £*Jr^ - ' 

‘ ^roxJUfl ./ail 

^ JLj?**jS!1 ^IaILi Jj5wJl |«JLx1 Lj jJl 4la«*l jj _ 

. (*Jbr) *L*J1 ^ iz^j ^ f L^Vl > Ua^jVl J~kj _ ^ 

4-ULjjl ^ja ^L— >-S/l ]a*Jjj 4jS/ 4 tlJLiJl Ila 3 jU: i liij 

^ jJL dl ^ - : . U ,,... ij . JJLtJlj Z j-SJl j tJ-LJjJ , LjijljjL/ 

^1 l^L-wl t ^ j .g ai l (jJ- ^ j L w i 4 ^jaJI Ji-jlSLlI ^-Lf- (j* a ^ |» J *—'^j^'‘ J ! 

Jj_^ , ^jl>mJLJ ^J*A 0 ji ^jJ Q«jL«J j} ^1 U^l^kS" U* )| 1 '/I * 

^Jb jjJl (JL^pl < j - aaJ ciUJl^j L ^IjS uyHyA JL^S/ oijjj-j^* j*^-S/l i^jIzXJI ^y^aj 
G^LJLi j. JL p j-JiLuJl ll jjI j (j^^-4-Li <j^2il) 

« 4-s^ULl Lft^ l ^ jizJi (*~^ jJLp (^^bl-1 L>^iil) 

t ^ ^ ; < ■« « i t ^JLflJJ |» — J « a t (J >l>ll (J^ JLdJ 

l» ‘*^-1 Ojj o y* j*± 1 jJLLlU Liijj . iljjJl <*^Li LlAj ^ . .^Ll 

5 <*~aS ^jjj^iju 1 jjL^j t^JJalSl L#t . ajj jJl J>L>- Olj-il 3* ^j-<k->- AjJji- l^JJI JajwiJli 

J m>J — ^ jA W U y£-* 0^ 4-^L>- *llL» p *M^-1 ^ ji Ucu 

. <*il J l)I J j^ jj£- Ulj _ «<j j£}\ jA$ £A £ jA (Jj^j 4(jyJbS/l 

aj-fe l) L i 4 jSjA^ 3\ 4 ■ >»* <aJ j^j jJl»l> *1)1 jLjipVI oL^ 

. iLjuJoJI 1£ j^- 1® jjP 4*ia-^jS/t r^A O Ji>-1 Jj l) a ^^aJl 

aAa <jU 4 4-ol jJl (J s> y*j Ua-J jA ^ yi A * lij (j^ 

(j| tJj-Aj (_^JJl_J 4 ^ ^ tl^>ll JjLJlI \~J&1jA Al£* J*£> fjli\ ^1 jJl ^jA (JJLjl JLft dy£j cJ^"l 
. <xil jJl j \ l*J c jaild^ Jk^Lij JlA*-S|1 j>%j jgJt*xiJ <— i ojji\ 

l_>i-b>- -lij . «! ji)U j» j) j- ^ i_j j3«Jl jJL*Jl JU- j 0 ji i jl«j L^_i 

v^r 



j! )} Lw (^JLfJI <y\j jiJl Jp) jjLU cp j*p U w^*p- Ijla 

1 j-A ^y 5^j->-jll o j-Ul j-JjIj cS- j j-^ Jl j^ oL^-Lj jjb d) jj li U..^ 

c_r*J c5^ <_** cj^J ‘jj^l ^y j^-> JaJLs ^ 6 j-Aj 1 1%>— 

. OA) «|ju j^$3l £y gz l L i£jS V r — JLt Ijf) U^LUl ^1 >! ^ 

4-S^_>- y>*^j jl ^A 4 a ^ I i jJa-iJl J . c-3 j-*»p ^Ja-M*jl j-A JuJL>*-lJl IJLa jl 

S 3jJiJ! g a a JUIpI jJSj . ® j jj^il jS' jJ* (^Jlli H^yc-Jail 4jl£a® ^4 -juwJo® 

^-jcJLI 4 jLt-a 4 ^^1*11 |J-J- 4 la .,<?llj ^ La Juft-P jL?xJj ^J-P SjJLflJl {jA £_yS <^1 

L ^UaiU j «SjJL)!» 6 j_A ^ o!>UJl jjliLl ^Lv? 4LiUS JLuj . «rope» jj jJl 
: m> JC£j|j r >J Llj (ai£JI) ^y^Jl JilKS* JJdl r ^UJ 

jj5j pJapS/1 iiliSOl olSj . ZlkJz g jj Lf) jj5j jl iLlill j»L^Vl jlSL-L _ ^ 

. ^JapSll 6 jJt)l If) 

.^1 ^ If) ^1 Sy IfJ jdl f L^Vl . Y 
. ^1 Sy)l bj& iilsfll IS! - r 
. iiliSUl If] 3 yiJl ^j-jij Lfl ^yJl ^L-^Sfl - i 
. ^ } 3 jl 31 ^j.. jj If! folkll j 4ijP jj jJlj IfLP ^L>*^>-S/l olS ^L*j>-Sf1 - o 

4ajL»«J| U £ rf -jJJ 4 j2j llxa ^y 4jjJ^a ^y La^^jI ^yJl 4 -— a.^- 1 cJ^L^l ^13^/1 A j-A 

4JLp LuJl £ ^iJl Liber Euclidis de ponderoso ^ jpjil ^JLlil ^liS" ^J^jl jJl j 

c I Jla ^jUUI 4 j\z£ jl j . 4a^*I jlj^ 4 ^y aJLa^L Jl5j . liLL* 

^^jjl ^yJI ^1 <JLa-pSfl tjz* {j* lIA j j «x5 4^Ja^ jl ^1 iiL^^/L 

• 4>lb 

jA * iijJb LaJUP |».~JL| l] jZj S 1 aJLa jlj 4 4 j jJL> j ^^4^“ l*-**^"! Jj] j^ LaJJ 
1 j-A {jjt LijLjaJlj . yS jil 1 j-A ^y Laj JL*_a jj^j jl jp clAJjJ 4 ® jj-^Jl 

y>v j oLALj jJLcj Ly Lai . 3 jJca ^UJ ja « JjJl» jl ^UipMI jlS" 4 ^il ^Jl 

. # j J^)l jS jA^ ^A p— jL| Jufij £ jA |». Ja>- ^jA ^SLAa£ O^Jl P- J-43 ® j^^ll 

. ^Ljl a jf. ciLi ^^1 jji (j-a jlo Jjj jl pj^fll <jjj j 


.(yj-yll) . ^Ji j ^ aZ j ( W) 

Khanikoff, «Analysis and Extracts of Kitab mlzan al-hikma ( Book on the : j la ;l ( ^ A) 

Balance of Wisdom): An Arabic Work on the Water-Balance, Written by al-Khazim in the 
Twelfth Century ,» p. 1 6 . 

.(yryll) 

. ^ t 1 A , .. i 1 jJUail ( Y * ) 


V^i 



t j SjJaJl ^ IfL S^jl^ cJlS A*~-iJ J_a 1)I cii-Lc 

dUUr ^»U>4 c-Jl^ 131 <. JljIaILj . # j j^Jl jS y»^ eJU>jj oLyt Jp 03 ja I^J>-I j 

Ljili 4 « j j^Jl jS (j-* aaIi^ oliU* Jp l^S3 j 4 S j-5Jl jj-Jii 

. <T0 ^li^ «VU}U iliJul dJULc 

c^liS 4 (JL>sll I jca ^3 4 ^JL^Jl jJJl d)l jt Lll£L<wj 

IJLa JjliU jjA ao . (oi-^jLil j ^jJ) Xj'Z>er Euclidis de ponder oso ^JlJLSl 

fjU\ jjjJl & jjl jJl p-JLl J2 jl» : m) *L~ U ^Li ^1 >jVI 

3lxol 3lj US' J . j j£J\ jS jA ^-U"l I JLa Jlxo (jJjCa 4 (J j^Jl jS jA {jA U AiU<o Jp 

jli 1 Jl^J^ . aia 3- col j y £ ^11 jA ajI jn\ 3 I j USJ • aIaj 3l3jl 4 0j £ Jl jS ja ^jp ^ . U -l 

. (Yr> «Oj£l I ^ l^liU. ^ uob' f UrS(l JUit 

Jao 4 (1) j^Jl jS j-4 ^jp ftJm-J UJ j^xij Jaj jl ^xil j j^i 4 (jjLUJ Lflijj 

Jp j-U j jSo AiliSCJl aJLfi la : m Ja-ojJl <_$l 4 <ULaaJI# AiliS’ cj-x-o 

1^-LJLa L« j_^ji>» Jl>Cj Lla ^U-l JlAj jj • *UlaJI L«-£ Jp A-ajCxa jj^jS/1 

. (n) oai 21U1 ^ ^jJlM f^Ul 
# » 

4 ciiJlSLlI pJLp ^Jjlj ^ 4 J (j^a Jjl 4^*llS' UJj-« jlS 4 lU^Aj 

(j! Jl>-L ^1j . jS ^ ^^p UjlaJ U j^xIj ^U>-Sfl JLajI jl J jju ^yill w jSJl 

. jlcp'^l jv*J aJL^Jl! oAa 1^3 ^Jl j^jill C»UJjll ^jA c. dl yA 

^1 a^il oJLa ^-A_j 4 ^IJL>CoL 0 I ^Joa.i-3 1 ^ ^^j>1 j^"l ojI>- SILla^j 

jjia-o ji ^3 Solis' Jl JS' JJ 3 jt Uuj Laj . Oiilj cJji ^ jU 

AoJLwa Jl JjVl A^UaJl £sj- jJ . Axil jjl IJLl <j£j&l£- t ft ji 

^Jcl Uc Liiiit !Aaj lLUU I jl?-I j *^1?* jl J jij 4 ^JlSCII JJULI U j» L^p j-p 

J jiaJl ft ji Colj jls 4 AoliJl ApL-UI Jl A. r d l Ul . Axil jJl ^Ij 3 Jp Axi ja 

jjl JJJ 4 l$J jjj V Axil j Jp j jl Jj IpLj i jAjJlj < _^Sj A<o Jufijl oLs^LjJU AaJjJI 

JiiJl Jl AjLfJl . pita Jy^* jjljj I t Jt^Sfl {j* 

CuliJ lAijj . Axil jJl Jp AjuJ> y*j UaS jA |*-UU c U>Jli-l <_$* J • Ai jlj AP j-<»3>*i 

Ipj-S<^ jA lw> jl 4 Jlill l-"-^ J?*~i ^ J-Ai-U t 2 ji ^jjl 

. y* ^ iA~* jjUI (r \) 
.(jor^dl) (YY) 

. Y1 ^ i AmSj jJUdil (Y r) 

M. M. Rozhanskaya, Mechanica na Srednevokom Vostoke (Moscow: Nauka, : j la ;l (Y 0 
1976), p. 146. 



yJi-t {ja ( yS\ tiJLUj AjI (_£?) 5^5 yS\ l La i k«/9 ciiJLkj JjjJaJl Ajtil jJl <Jp 

SjJ pJP ^^JLrj AJlAj# ^-.riJI jU 4A-Jl^-I oJLa j . j^AA Jl ^IjJJl ^Jp £j»kjil 

. A.U* 4 A la At (JJ A^~jJb 

ci' (Ji^ 1 Jjtil L^-Uj jaj 4p^Jl ^1 j £*: -L5J 

t^JtJ-l j 4 j j-^Jl j-« (Jl A^jjL ftJLuj (Jl j |».^>«iJ ^.w-n. la.ll ^Jjj (Jl j-y~+j (_£jUl 4«kUpl 

. ajoI jil J-LcJl jj£-j yj a5L1I a la.* I ^JJaiJl (j^ (^iJl j>-Vi 
. ALm a! ait (Jl A^^Jl I L AjuJ> yj Jt— JL-I Jaj jl jjj joJU-l LIS’ ^ j 

jj j-aJI <_$-* tiL^LSCJil ^-Lp jjJaJ (^L> ji JJjJtJl pj $ dl J jSlI (wJl^-l 0} 

^J-Aj yy^ S j-ftUa ciLlli'l ^_2 j ^1 j . is j-*-ll ^jA pi 3 j-*iJl viXJS jlSl A y+M i jJl 

4 ^i^LlI jJLp ^j^ltJl Oj-aJI MJ I jA (Jl AmmjJL Lajliu jJci] Lr-j 4pL**>-Sfl 

. A^iLj-l Aj jiaJ ^ ol ja%Jl y^ju (J-A^« JLr> 

Lr-J j-jJtiil JuaJJI) ajIjl>- yS I p j-^-aI Jjt (jliJl c-jLkl jLjlpI 

b j j-aJI ^ (J.JJJ ^ I j jX—Jl ^-1 p ^Ja £-**Ij p j l all l*i> p»l>*I-*l JLij . ( jlSL^JJ 

Jt*pl dills ' j 4 (Jordanus de Nemore) y y b jj^r JU-^1 ^ ^/j ^Jl 

/ Y0) APljtj aJJL®^ 

Iq-»-aS ^jJLrII 4 jjjJl (3 j-A-ll A^qJLmmA^ ^ jk (^-Ul 4 d->l jJLt 4j^k-S/l IJL^-9 

. (^^jJI j^^«Jl |»JLr1 A m jJi a^JL-JI ftJiAj .1 jJca Ay^S ^-1*11 4jJai]|j 4 aiAj 

«gravitas » j «pondus» <jLlj^J*>UI jli^JiCll b jSb jl JUj^-I Jl I ybA yJb 

. ® JaJ® j ® jjj® (JWjrJI j^> r l la ., /i * 1 1 j\lJ j>- jw^* jl 


jasll^.T 


. ^X-Lu^jl JL-pI (J^^^ 6^-4-U 4 LajLmK LL[1j 4 ^JjjiJl p^^AA j4^ JjL] 

^-kj lil p-^JL-l jl t AJLa-b ^ a_s^Lp- a_La j jj^ ^,>JL1 J^illl j5 j-* jl 4 aJ Uiji 

jSf jJJij 4j^S/l Aj^kj j^SUl ill*- ^ AlU 4 A-UaJI oijh ^ (jip) 

. j^i y* cii p - ,,, ,! ^ , i p^»**Ai aJa a . i i ojf* {jA j *^**^i Cy^ 


A^j . pL*>i*>-l AP jJJiS' J 4 
4 pLkMj^l AP y±£- J 1 4 t»A.%A>" L 


JJill ji" j-« 15 jk JLpI JJj 

(JjLLurfl d*A> 4 Al>*Jl AmxJLI^JI (Jl aJLmJlI (J^L>-I 

• Aj y LvmA J 


Moody and Clagett, The Medieval Science of Weights , j iUV ^ a <l> jju<ail : jkl (T o) 

pp. 69-112, 119-228 and 182-190. 





r^ 1 iX'j jLftpI ^jja * > ^ 4 JLjS^jI £^jllj « Uj JLij 

J -is . < aL*j'yi ^L-*>-l 4 Uil jJjp dJJJLS' j 4 -J^-j ^Jp t c£jlj j b*^lj 

La jJLjg ^.^$3 t ^JdiiJl ^Lcil oL^Jb L*j jJLi <j jJJ jil <j & jp 

. aJLJj>- a) jlj ^L^l ^Jp 

: (n) gLJl oL^xJl ^1 ^lj Jij 

a—JL 1 ^ ^ * ^1 j j^Jcj V d^>o 1 4>. ^ * < > L*~j <jba-j jA (jLft-w^- 015 bl _ \ ® 

4 I oJb a15LJLj j5 JlI IJla j 4 Ift^x il jiJL* t Jjtf £ja J 4 <l)liJ jj ^JLll £*4"! <l)li t ^Vl (Jl 

. oJL> j 

^JU! Jaibl ^Jp i aJIaj j5 jA XJIj |».*»>ij be* jlft ...>■ Ja-j jl bl _ Y 

<Jp b y>- y> 4j!)bJl ^L-p-Vl oJ L a (jA e-iJjil j»UaJl Juij j5^* <1)^& L ^ 4 1 a* (_Sj5 j* J 

. Jaibl 

-, . ^ # <• 

JJij 4 J jp-l <^1 <1)U 4 y>-\ ^lju L^ > - JyJi j jlj bl - T 

. j}*ji f L^.Mi ja jsij. ,>. ^ ^st r X-' VT j* J i/>li pJM oji i_* < jUi 

( Jjijl l A . M >- aJl4j jS” L«.. ^ J J UjlS-l I (j^a— * >" i 

^3 LJ I ^-^jb I (J 1 XJLxl .Aj JUP v. « >uJ . XX^I | » ■ .• 'b l AjjI^* ^abJl |»^*»* b -l 0^*b 4 4** 

. (j jl yA\ SibeXi'y Juajl 

^fCl3b«»ii,l AamJ t y A 1ft ^ « 1 4> 4»I« >) 0 b 4 l ft 0 «»> ) lft« J l) 1 ft m^ " (jl^ l^| — ® 

. ^ Y aISLIj U Jij U ^l a* jS'^aj jA 

4-^j^j V| ^JLsAj 'y <Jb^Lj cjb_^JL-Jl ^j-* 4 P ^«^>k1I ©-La <^a.».*Jxj 

4j jl jl* ^Lapl ji ^jJa— Jl jl jl* J J-J J^* J ^JjljJl I^Xa 4 ^UjVI 

I (a^-LIi* *lj^lj 

^1 [^^jli^JI] ajS^ jjh ajjL-i* p-I j>-l j aj jl jZa ^Lpt Jl2iJI jS ja - \ $ 

. a j Jail s-lilll aLlaj 

Ju_*l J_pj Aj jl jJL* ( j^>l Lft-jJ J a j-ill IjjLmX* jLjJLl^ (1)1 ft I.. >■ Ljjj (1)15 bl _ Y 

. lft^.ft>»^" 4^x5 ^a 1ft la* a^J <1)U 4 AjjL«ia 

(j| AjU 4 ^LpSfl aXgJ jl yA ^1 a...) ^a3j Aj jl ^1* ^JLygl L« j*— -4* <1)15 ISI - V 


.(^>1) .ei^ (n) 

Khanikoff, «Analysis and Extracts of ^7aZ> mizan al-hikma (Book on the : T . . la ;| (TV) 
Balance of Wisdom): An Arabic Work on the Water-Balance, Written by al-Khazini in the 
Twelfth Century,» pp. 19-20. 



^ (J-^Jj ijjl J^A ^L^l L, aJ U 4 J (j\.»^>- 

a^mJ j * t ^JL-^U*l ^J-5 j i£^ j* i jz j t £-&-£ |+. J^Lww l I Jo^M ^Jp 

. Jai-I IJla ^yJaJL# i~J ^^Ip ^ <j^JL| 

1 i^L^-L-Ji <&y*^ ^J-P |» * .* ^]| ^jl J ^Xy£^\ ci^PxJ j . ^I^ l 

1m*jI^ lIJJ^ yA AajI Jl jl ^A %*< V 1 U^~ {^ • ^LajS/ 1 i*j^L» aJuJ Jp ^ $ d «» la ♦ (jjLf« 

4 1 a .<j j-d ^P oJ-A v^j>- oL*jS /1 A^j^j ^UilJ JdiJl jS' j-« AjjJ 2 j 

pLpJ Olj-S" £jJ I iJllJl Ajj-PxlJl ^jlli Jp J^jjl *J-5j . Lf^j L*-*-3 4 _)*>Ls^LJ 

Lrr*-l> jJaiJl ^ (^ tSA^-lj ijZ Vji ‘-(SJjZ c i .^j 

iw*i j.s Il ^ ^j IjXaj . (O - \ A) jiajl) OjjJlj ^IaaJI ^ jS 

1-0.^ .,tf*J c jJ..^aA;.,a ^ * .... ■> - ^ ip J-4J>«1 ciUJl^J l JjVl iKi-l ^ JL>*lj J-J& p-«JL- J L ^*-M 
\$y^- yA 0 j£* Jl JjIj j£ jA Oj£j t JjS/l dJl^-l ^^AJ . 4jJl£jl_J ioliJl ^3 jA* J ^j-P 

j5 . j^£Jl J* jA £-A frl P jJl J-dJ ji* J-sAJ (J JJl |%-^— Jl Jp 
Jjtf iSj^ J* J-sAj (jiJl |» .-d-t^Jil JaiM ^4 p .-■ ll IJla ^JaLdJ dJa-d-t ^3 ipj^J>ill JJ5 j 
o* tlr 4 l5* 4 WWI 4 JU-I .^^11! 


Lo-^-O ^4 L*m^P 


Lm4 ^u3Lmw4J ^«J 



j^jA L»-«>3 1 43^-urf! JL-Pl ^jLl> ^P 4jD^» c-d-*lta^j 

IS ljlj^-4 ip J- 0 ->»ll a Jl^J |jj>xl4 i l ^ 1 « > 1 ^3 Aj^LmAJ d l y fll 4 ^Lw*^l ipJ_AJ>«l J^diJl 

J (jyiSvJl JaJ ^ j^» Vjl J (j^ 0 <fc -^J^ a >*j) 

ilU^4 ^L>oS/l i-i*Ai ilL-^4 l-^j JaJ jS' jA i l)Iip jli 

^j-u iijLio ilL^a 1 c (i» j i~+A JiiLtI (Jl ( j-4 a j-tL-4 < jJiiij j^a) 

.jjlitl JUpV Sj-^ i«^ yfc ^Vl IJLa j 

. Y « ^ i * ai jJUall ( Y A) 

. i - ^ i: ^JL^alt <Y-\) 

vu 



p-L*Jl ^ ^ LLiJS ^ 4 ^ J^l JLliJl jj^oj (1)} 

p-A j£i $jj ^ jlll c-j jjJl C^IKJU . JJii)l jZ jA jujl>«jl> mjsJLaiII 4j^Jai)l v_Jl j>- y jl>-I j 

(j */3 1 ^m«jL ci«> ^Jl ^ji |» i oL c .iJl y» ^Uaj ^| 0 y^r ji L2jLm< 

y^ . UL^LjjJl y ooL oIjLjlpI *Lw^Jl^*jS/1 oL^jlJI ®JLa oL^L^» 
jA 5 j-^i ^-4j 4 5 jJ JJLLJI ^ £-* jLLiJl j£ y ^ OjJJfl-i 4 JU—I 

.OjSCJ! 

(1)LlLj1 L$L*J y* 4 q L oJLJlI bJLP 4 |«JL^Jl ^Ij ^^-Aj-aJl JL*_j 4 (JjbM £y A jJ 

: (r,) i^l^ jl£Lc 

1 ^— JL| IJla (1) j£ JLP (1) 'J± jA ^a (J.U'J ^yJl J-JiiJl |»-~ J Ll ^ A l a 3ll l <1)1 ( \)® 

. ^ IJla Jaj 4 (1) ill>- y 

y$ y y*j 11a d <l)li L^jj Ip *& y~ cJ-^j IS! (Y)® 

. ^ ^ l $..«■■&) y* Oj^Jl 

L»! . ^LjjJI j jjJlJLaiJI ^Lajj'y ObL® j_a JjS/l 0} 

LujL t l <JLa jJJ ijJLj La (j! VI . ^LjjJI jlL2 z . 1 I jULs <LJli)l <uJl~11 

(1)1 <*3 cfJLi V U j . ( j^JL^ , jl JUp! ^J_P ^>a ^oljJl ^3 J-A 4 <1 >«J 4^oLjO <yjj y» 
^ <« ll ^C u^* JLLP JJlI ^jt-M^a 0 IjmJL) LaJLteP p ^ l l (jfA j-ftJl 

fji* Cfj ( r °pe) Jil (> L)^UUij Lo^iLi 4 jjSCJl 

A-jSIJL| ^ l ^ «3 4 Ja.fl.L 5 * i^^q.^-1 Juflj jA JbJL^- *>Uj Aj93 . Ajjfljl 

. Lo jSaa |» «.. j L| ^Jp 0 jjjll 

£+* j pJ . -L^l j |» »«» 4 ~ l-i-A |» * * ^ II Lrjlj ^ j-^ 

y-t^i Jl 5" (j! ^Jplfi . 4 JLj5j |>L^ r l a a la il ^Jp ^UiJl 1 J-A L$_)!jA-k>/Nl 

^^P 4 LfljLp LLa lJ^LsAj JlS 4 jS jll IJLa y%j ojL^a . (1) ^-£Jl y 

or ^a*>Loj 4(1) J-^Ji J->s-j l A ^ L 4 JL>-lj J_S* ilj_>tlj 4 illJjT . ^Lj-flJ jJ>-T L^ ^ > - (jLill 

J-dj jS^ ^a <j |jb~l j Lft-w^- Ob'^j-sAj Lo«|A| (JjJtll <l,y><u> \ <i j>- { y L)Lk-^i-l 

JJj iSj^ y* ^ * i J • ^ ^ jj^Jl j5 j-4 Lj^ii-4 ^ » . mt LI ^-> -il j . l JL.4 

^jjJLa ^J-4j ^ua Lmma^P (l^JL^llI-4 4 ii jLjJjil ^JuflJLll y y* {j£j\**+A ^Jp L)IaAj 


.(j^jdi) .vj^ (r.) 

. W 4 4^fli jJLaII (V , ^) 

. ^ A y 4 4-il jJLnll (rr) 

.(^>0 (rr) 
.r^ ^ i4-i: jJLflii (ro 





Aip jA eJA 3j>-j jU ^ ^jl^X-nVl jS^JLjj . 

. flS^jJl oJa £• Jiljy jj£ll j£j* y^i J5* Jj4j £ ja jV 

(<3jl olJ) ^U4 tJs> ^ja ^UaJ jjl jj 1 3jti\ jJI 1 jl« _ T 

^ ctU JS j 4-*_iXaJ| j j tt a,*M ^3 jl jJ t aJjjJI ^JLp 4:X,d.> c c) j^k-Jl ^JLp j| 

OciljJl XjJX ^ ^UVl olS'j . o«il jJl lx* Jp ^ k**jJl OjjZl I ^ <jjJtJl 
jIxpVI ^ Ji-L ^1 <~Jl ^X^* jIj . ( j> y-iJj* ^Llx* <L)jl >> ill— *• Jl i)U-l eXh 

^ <L X *a Ja>> < j^ ^aAaS La j yj> JjLi 4<1)jIjj i)L>- ^3 j 4 jjIj j*P 40 1 j JLa Vl 

^X^ j\ lx>» jl . Xjlj jLk-J*- 4 la ^1 jj JL^I JXJ L$JI ^kl c X-jc* ikij 

. JiiJl iy>U-l Al> Jaj y l y* L* 

(jLx£Jl Xliljl) j ^- 1 |%-Lp X.Lflj Jl £_>- y 4j*jI jJl <LjJal) <_£ j^-l XjlJL* lillA j 

^J * LjAjl JJ X-P 4-0 1 j 4-»|j 3 Jp j^ji JJUJlI y-^LSsJ XliJl 

jU ciolj jjl y J^l LI Xt La^U- jA\ l j£Ul Jp i*il ji I lx* AlA^j JlXJ 4 XU- 1 AXh 

. ^Jjlil JftU-l 40 L—^P LwiLjU 4 J jk Oj£j fi jjL j3 L^pfjS 

Ixl ^ . ./a ll X>bJ Ll)I SI 4 ^JulilJl jjJLfc u jjcll ^X>cJX«l JL3 j 

calls' ^ Uxl jl jjk^j ji ^ ujllS' ^ (Jlill ^ (J^ 4 JL>-lj ^ 4_o ( jJl 

\u&L| 

JjLIxj t JjSfl AjLajj ^ j . yj jA La ^4 io! ^Jl tXa X>J jjk— < j5 ^ calls' (> ysi 

OjULa ^| 4 ^j^LwhS/1 »X-w>- 1 j-4 4 4 J jx£j ‘ 4-^*L5LLl Jul— 11 y° 6 jj yj 4XjLj 

. LX 33 L y~S oLAjJ! IXA j . 1^31 y X-P Xjl jJl iol ^Jl LpIj 3 1, O ^ ft . A y m JspUaJ 

jU jJl La I . l^J L^xjt I j -— aj ^ykjoj 4 0 jjbUaU L5sJl5w« L>-3 jX Jl>-L 5 ji ^jj cxLi 

jj.y3.nJ 1 oLX>Lj ^j-sJajJ ^Ll. jJfcj . ^-^JL-^jSf I xliljl 3 j.h^ 3 4 03 I 4 (jlitJl 

( j>»x^*jl iijkj 4 ^j-XLIj yiyxSij^l 4 JjlsiS '. (Jj^wJl pJLp ^JjLmm4 Jp <UjJLdJl 

^aLaII s j3 ^ 4XjLj oLa j-Jl 1 Jla . LJx!l j LJLxJt 4 JL«L^iJI oLL^Ll 

. L^er de Canonio l-^LSJ j jlj-il J j>- ^xJU! XX J\ 

oljjbu 'yi ool >J fl*Jl TjlJLI eXijll j3jy ^ o\yl\ ^xlil ^1^5 ^ 

4 XU y ,Lii 4 X! Vl . Xjl j j^p iol ji 4 JjS/l iU jU j 4 L-i ^Lill ^ iS’jLXdl 


A® * 


j (T*o) 

.r<\ ^ (ri) 



is liil 1 J L jL~i* Lil jj! jLoj c Aj jL-iil ^I^Sfl y> J>\ jJLp 3Jp JJ £ljS (i — i 

4 <L)j jj LfJlJLI^I Lfjc^ jljjS/l *i-A d)l (^ 4*J>-S/I (jtH 

c j . I $ z 1 */a >*1 LjjLfc^ 1 Lj L— w o Oj£^j ^ijJiJl 

• ^L> J! ^ <y J^i 

|»JLsx^*jj t ^JuLS! c-jLlS’ J <JLil pJ Lf J. 1 la: J Liber de Canonio Lol 

(^£3 ( j^L>tl4 Ojlj ^ \ <*il jil j-yJu j-$3 . <jL*jJ 4jljb -U» 4 jj! jJl 0*31 jil p j-$jLo 

(J ji^ Jp plialAj £j J- 4 £j j jil {ja O jj Ji-oj 1 <jIa < yj • <*o^ 

oJla y { jJ> jJu j! Jp 4 f-jJM IJLa y J^L*^ J*^>o ^>l».mij Lt c *j^-I I i-& 

• ^ <l)jj ^ *jA-l <1)1 illA-l 

oLol jJl LpLj yj3 J Lis . L^j jisj ^jyo j| $ all o jJ y vJUjLj jJj 

4-Olj pi y« j ijjlj <*3lj 'b/jl lJL>-l 4 iSjL^l* j^Pj l » L*y iSjljLl* jljjL ©3jJi 

J^-?- ii./?* c-jL«^>- Jl iijlj ‘Loij jjl jJ <JL— • JIjjl>-I pjj 4 aJLJ-I ©-La jyj • <jjlj 

^OJLA JJ& £ jA c-'L-s*- Jl 4 fj y-1 o jL*j jl 4 ^Ijiil y ^»1a Jp plliiL £jy J-Pl jf*A 

•L)jj 

b 

^JaJL© 4 J xdx J^l£dl <l^Lc- 4 oUJLU-^j 4aJLJlIj 

oU...^ll 4 >>L*^b ^3 <11ju 4iJj» ilLil flJbfc o ji ^jj Coli J>- Jij . jyl^« p— >- ^ 

yJl p- p*-* 4 ^juj^Lhm^ 4 1 «/3 JbAsbJ fijJ jjJ 4 . * j L j 

4 (jjiJl 6 jlA ^ lyM ^JLP Jpj AjjLdl jiJl j-4 jl yLP iJLP Jp Ifjp JsAP- 

Uyi ^lfl x »j . 04-^»^?3^ Jp ^UalJL C-j1j Ju?- JJ AjL^jJI J ija ai^»J 

LLJI ^JLal^liJl oLLy^-l ojj j-U LaJL^kjLm^ L^JLp J-sa^ ^jlJI 

oly>- jj> pi 4 JLu^jS/ 1 iplwail AjIJlJI ^kuu ^ili 4 (_jjl^“l l-^I 

<3^15^1 J Jjjil OLL^P J 3 jJ8-« 4-jL 6 ji ^j-} CUjIj ^jLlj^a ^j-Pj ji J (^ll^ ^j-P 


.oil Jl ylji £j*j£ ja ^,...^a]l (TV) 

Thabit Ibn Qurra, Maqala ft misahat al-mujassamat al-mukafiya ( Livre sur la : j U_Jl (V A) 

mesure des paraboloides) ; traduction russe par Boris A. Rozenfeld, dans: Nauchnoye masledstvo, 
vol. 8: Matematicheskiye traktati, pp. 157-196. 

Suter, «Die Abhandlungcn Thabit ben Qurras und Abu Sahl : JoJl t iJliS/l <*; yS J 
al-Kuhis iiber die Ausmessung der Paraboloide,» pp. 186-227. 

J oj^Ul«^Jl oIJu JL> ilil* : jlyjo jAj ys > Jl y ►J. | IJLa y*-X> jLs> JsOaJI UajI JaJl 

. *olla.»»ll LmJ yL mAj oLJ^AjI jJwall 

Rozhanskaya, Mechanica na Srednevokom Vostoke, pp. 9-1-93. : Jail (T^) 



. a '' > u j, J *i\ ij* ^ vi v tiiJi 

l/ 9 djl I*La «X43 ♦ iSj^ j- 1 *— *^L] LSij AjjJalil dJLi^ Juo JjbLl 

(1)1 -Xj-L>slJl I -La J_aLL---j j 4 Lijlj A-*_sl j] l^s-s^l j IJbJL^- C (1) Jl ^JLp £cjjIj ^3 4 

J-£ J^>J> ^*Jp Jj LLluJ cJl Jj ^lll guLdl (jj® ! J<al^Jl <U^2JJ Ajw2j 

. J-4j ^1 4 J ( j-J jJl ia-i-l jl . La -L->- J-A V - .,. : . ^ jj.l l jl 4-^ 

4j j5^ ^jjj -Xj y l!L-i JaiM I -La Jp ^L*_> jl ^Jolv-o Vj . aJLp J15j! <Ljl J->tl*-Al 

l~- <jjj Oj^i jl y&o-tj bjj j3 j_a [ . . . ] jl^JJ <■ 8 * [ LJL-1> - Uai*- 

. , i^r.» J Uil j J-bdl [ li| jjl jdl J^-l J 

A « ^ a. 11 ,_$! ; Oiil ji\ I -L..a a ^ n^/l -Li® t S jJS C-.L* L— 5j 

y* 4-j V )/-Xl-wJ JjVl . LiLjliUl JjLJlI ujiJji oJubJl ^ i^JL^jVl 

^J-L*Ij L^-3 Lai . 0 j3 OuL jU jJ J| ^ol jJl p. »/3*U jl^-ll J J>~ ^JL-UI l— > ll£" 4 jL^L 

! (J^5j L o-L— <a £~&jj 4 4^-^. j jl^Ji JuLil L5 ^ jl ^ A-o*^)/ 1 ji^J JL 43 c LoliJl Ax-ga JL 

<-^wai L)V ^iib t Lj ^5b ol5 ^>- La j Lip I (L*il jJl ^ 3 ) jljAl oLS* j>- jj® 

d)l j te ^ jIjJI y£ y* L^-LL-Le (jL^LJLi ^JLjcJI jj-^ ^^L^- ^ ol^il 

. (ir) «5 yl-jJl lIJUL j5 j^a jJb C-P jJlxlJl 

^jjp aJsl»>» j^I ^-^LdiL l)jI (J'A i^-l Jlxp 4-oIj ^^3 

^3 t 8 ^ ^>0 4jjj ^jjL t (jl^Jkl L- ^ La JLI a 3 . nil)) 55^ W^^JaJl)) 55^ 

L5^ j-^-l <www-** oli c La3jj . ^ 4^L»-i. p )) LS^ j^>- ^3 (jj-^j IjlpU^ uy- 

(( 4— .n„« . la lU aS j ^~ I J-A Jj 4 j^jL ^1 jl (jlj-Al JL>-S/ ^4-A-J- w Jl)) 

j>*-> I ^IjjJJ L J-^ 4 La jjJL. ^iIIi 6 j-A (( 4 . w .... ja.l I )) . j^-'^/l t-_3 jiaJLl 

. «(j ^S3l jf ^a» 

(jl® (J j-®il (^jL— u Jpj j-*i J| 4-li^Jl Oj\jj -Lj 

»-i->Ljj^ll oLLl>«_»I 2 - > jl 3jj ji bl [ . . . ] J-^ -ia-sL^ >< (jljjl 4 -.* ..j ? 

( ° )„ • f « 1 1 

«®U3 ^ -UP a3 J^>- jil 

Khanikoff, «Analysis and Extracts of Kitab mizdn al-hikma ( Book on the : j L )! ( i * ) 

Balance of Wisdom): An Arabic Work on the Water-Balance, Written by al-Khazinf in the 
Twelfth Century ,» pp. 33-38. 

.(^-yll) . t-J j~a~{ ( M ) 

. t 0 _ l i ^y> 1 <L— aj jJUdll (IT) 

. W ^ 4 4-J; jJL^iiar) 
j~*2Zj (i i) 

. £Y { j^ c a— A> jJu^il (£g) 


A*T 



1*1 I t— iJj-4 ( J^A 11 3 ^jljJL^I jLfcj-j t j_4 (^jL-S-Jl frjjj-l La! 

dJJi <Ji V^>j) ^ JJj ^(jjjJlj SjjL)I ^j+aa ^Ij-al (Ji Vj-^ 5 j) 

d-^J 4 oJl^-lj 4^ 4> <CJL# 4 414 jjw>S/l JLHjVI {jA J~S 3Jl*J JlAIII td~~*- 

.(^^Lil! dU^j |»Ijl>cwI 

4j>~j 3 ^1 4 4-1-4 Ld 4_4 j j-La_; S jJ C— >Li ^j^-aI j-> (Jjlii-l -LflJ 

JlA3 . 4JL*-*Jl 4jl.fl.-daJ ^1 ft i^JjL-4 JUl^lj 4 4-*j| j]\ IjL- 4 JtlP C- 43 jlJl ^ J_*_) 4 J C— >s-o— *» 

^^ 1)1 j <1)1 jjt> 4-Lk>sil oUSJl j jLJJlj v^.^2.11) 4 j jlj >-\ ^UaiS^ jl^JJ j& 

(jf^fi’\jju 4-Olj -A 4®4-*«^^l (l)lj--4® ^-A IjLA 3 J 4 I ij . ^1 UoJLP Jl-sAj l)^ 

Ja j j-d . (oi^d,l frLw* ciy djlj4® JJ&j CALLS' 3 jJ-*j 4 — 1-4 

. liLL* <*J> J& (jjJJI ^JJiiJl j* j* j* I^Ljj Ifijl / 

LJl M ■ . >/a 1 cL?^^ ^43 . J^>*l j* SJjP ^Js> *uk *\ jAJl {Sj^^ *d3_j 

J }^J • 4/^ 1 J/^l £• 3' y* L)jl/ c/J JJ^ J* 

jl (Jji dljj-dl j JJ ^1 L*-J dJJij 4 4 jj1 JJ J^ll>-1 JlP .,/? flUfl 4l^J? ^U* j\ 4j^j 
jyg-'h 4 Jl j-dl (J-P 4 4j*>dJl ^L^jVl eJLfc -L5j . i_. . .^?,fl 11 JutJ j-4 ^3 j] cu^> 

l)^ 3 c JijJLji-l 

^ia.w JJ . ^Jl^J 4 vloljj 4 Jm.L 4 . l 4 (jjijj 4_»*^dJl ^Ls^jS/l ft -L a 

: <n) iJUl oU-Jl ^UjVl olf! jjlil 

( 4 . .431*4 ^ ^4_flj ^ ^lt IJLa (jlS'j) jlj-il Jdj ^ J*-> J* 1^1* 

dj-^-4 ^^3 lii-l 4 -Laj j-oIIj 4j y>*-> i IJLa jjJb 4 fl .l l ^J_P- L>3 y&-£’ 

4—*- s^> ^Jl sJlaJI 4li» 4jJLi^ ^dj| 4 jI^^3 4jL^A IjhJilP v^.4flj ^l)l 4— *-s J> ^Jl 

O J* Lf* cJ*LJld ( 1 ) ^^-wdl 4 J L>- ^3 ^-A (_^JUil 4^.^ >■»< d)Sf ^4-Jl j-^»Ij C.^- 4j-4iVl 

. (( tl^JjL— 14 (Jl tw^-sAflJl Jl4j j5 jA 


«uljjJLJI :3JlsJI 21LU 


^Sli jjj 


j*- liU . » 

4 LeJ L 




if/ 1 4>ri ^ 

cN^** 3 (ij 4 ^— 4j j jSLll j5^ j-4 ^3 jlll p ^ ... 1 1 jSf 

. 4 jju^Sfl (Jjj {jA |%-lapl 


A^r 


. (p->- ^dl) . cj j^ait ( t "0 



<tv) «^VI rJUlsJI i) U-l 

a-i-A <_y • v J-ij j5 y Jy £<b jljJl < y j Ma i <1)1 <1)1 <1)^/1 y* j-aJ® 

JJii!l j SjA yj Oj£S\ jiy y jlll |*-f— Jl j^i 4yyliaJJ <£ j>- Lyt L[ JLi-l 

(J t JpS/I Jj>*j t_. J j& j ^\ *yM J » i Jl y^AJLlI JljJLLp 
^ $ « J l oV yS/i AjifJi y jii— u y*j ^ yb y-pVi ^-~jJi jjL>o 

pULJLj L *j£^- 4. ; *««,<?lll ^t w3 j jJJS JLPj . j\jjL»JU jy-Ji Jl l*JUp p, 

jljjl w ti y Uy *p y*£ jjUM yy Jui t aJLL^ y aJUI <!>■ JJ y bl 
aJ-* JJLa j jly J^JjJ jl . jljjVlj oUSJl oljjlj 4 CUJy» j£jb 4 jUJl y J 

6 ^J • j>-f J* j^y* £» ‘j>“ ^Ij? 4 ^L) J)L^ -k^r* Jl o^i 4*J**±\ 

Jl AmmJlIIj o ip y «^»«ll (1) <1)1 <laj j^Jti 4 jJJS Jl iiL^L t ol jLlp'A I 

. v .«« dJl jJ?L* jA ^y by j J^^** b jUJl <jl jJ 4 ^J . *J l 
(Y _ U) pi J JSLJl ^tSl) a~-ju> Jl£j! JLkJ^ JlU J^ly jjliU JL3J 

bJL, jLJJl jl* bl 4 5 U ^ J* J-r J I aJL* ^ ^ blj .((r . \A) pij JiLJlj 

y~jJl Jtf y jU 4 ^l»bJl Jp Vj ^LJl ^Sy y CJL* ^-Pj yJ ^ASLi 

y < yJl JajLJl ^4 V J ^i»LJl j ^4 V j jI?U( y j L aj L la.u V JlS JLLP jLJJlj 

LjL*p JUaxJI ^Lyj 4 IJLLkj ^S\ iJU*l aJ L a ^y -UjjJLll ^yajj *- --.^Sll jljj^ j y^ L^- 

. c^yxajl Jp JLu 
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(r - \A) JiJJl (T - U) fjj J^iJl 


jl ^| . ®lJL>- ^yU® 4j| Jl ojUVti LaI^-4 4 OcyJl aJLj ULAjJ (jjliLl JLaj ^lj 
yllS* o L Lua Jp ^m-LJI jl* jJl IJL* jL y^l jldVL U 


A* £ 


.(j^-jdl) .Jyi«V) 
. (A^uti JcJUaII ( i a) 



ap jjjdl JlSLiVl oil Jjl jj oLj ^3 U-w- Vj 4 a*JL*JI ^LtM^Sfl 

\ n 1 l a 4 dU ^Li Jjli-1 0j£> 4 wJl 1*1 p Jp <1) US' llli . JSL* ^ Sjj-^Jdlj 

a£J) ISU jl^i ^ J J-lSJl 3JJ tfill cJJjil 1JL*] AayJl AJ^Jl Jp Jail 
LsA»I Jj 4 (J$L^ ^3 4 ...,1a all oLj j»Jpj oLj 4aJL~4 aI Jp iSy^i ^ 

jjJjJl AjIjU ^ Vl ciJjjVl j*-L*-ll |1 c^JJlj J-*P^I <jJ Jp 1 14 1 L .4 

• JO-^ 1 


jjJUgJI — 1 

jlLaJI ( yj» 4 ^ U ».«» jJl ijjJJl ^^3 Jj— Lil 4 L£jLl-^ jjj^Jl L*ajI c-JjJLjI 

^ jl c-iJj^ 1 j^>- u j-ajJI JJJl ^ pJjJI Jb*-j olS* jJb . 1 

Sjj 5 jJl 1 iii-lj JlaJlJI ^3 ^JL^jV aJLLs JlL.t 4 4j AaJlxdl ol>-j j-JLJl ciiJ J5 j a*jI*J 1 
d~_>- frill ^ 4 -JpUJI J j->- ^ j-^Jl (_^JLl^Jl aJL-jj 4 ( j--j^ll4 4 LajL-# 

. JjSll c yJl 5 ;^Vl «Ju js^j 

L$LjLl^» jjJl^JI ^ JJl 4(Jjlii-l 1 JL>- ./a' a a J^Jiu l $ »Jli oL«jJLa 11 oJLaj 

iU JJl IjlII j . frl J^JI J-P J a— >j jfrl — arVl A^ ^jP A ^jflj ^JLi^Sfl 

A*^J-I jlj^-3 £j-J> jil IJLa ^JUl J-^a.i ll j^LaI 0 jLjL>-l ^ 

tj l JLopIj (jJLfr-Ij l«^3 A^lJ-l jP JLdJ . ^^a\j 

^3 1 a m a J*ja*J 1 ^jJLil ^LiS' L«J' . jjj^Jl! a^Lw^SI 1 ^^U.1 ^ ]&.^j 
jS Jb j_^i . frl j-^Jl j-J- Ja-^j ^ a5 j^>- ajjJoj ^Jp ^5jLaJ1 4 aJj^ 

4 Ao_>^>«j jJLaJ ^^aAo p ...‘1-1 Ula JbA Jli L« < Jkj L— *< ^ <L)jlj ^ .■«« > - 1 S|® ^ ^a! 

JjLJI ^>l>- ojj JiLiu Iaj JjLJI ^ Aj j Jij 

. (ao! jJl 6 jjJl Ao^3 (^0 J>- * X * S > Jb«JlJl 3j j jP»lil jl JLiLfeJ 

l^>*J-l { j^-aj Lo-^J ^ *. L .a ... “> ■ aS'jJ- L* ^1-^ ^ APj^Jl (Jji jU aj>~L> 

aJjL >*11 ^Lw»*>-S/l aS e ^3 3 JL>dj 4 ^P ^Jl JulJl ^ ..« A^ 

. (0T) 2lp jA\ Jl ULa lyuj . frill J jt frl^l ^ 

J-P Ja^j aS’ J^ slil ^L^k>“S/l Jp aLpUJI ^5 jaJI ^j-4 {j\£*yi (Jjlj^“l 4 I 

. |*-*-J“l J^J-j JJjd 4 jlfl^jl AjJaJ Ia 3 j 4A* ^1-1 ^jUj ^lll JjVl 0 j^Jli . frl ^Jl 


. \ *1 • ij# 4<^-ij j-LaII (M) 

. (p»>-jill) . 4_i j-aIj ( 0 * ) 

. Y i ijfi 4 A— Jti jJUail ( 0 ^ ) 
. Y 1 ^ iA-ii jJUJil (0Y) 


A* 0 



4 g J (J-LaiJ 4 S jil o JL a U^Jl>- j^ill 4 LJliJl ojJaJl 1*1 

. Ja-^Jl tiilS <JI iiL^^/l JaJ J» j 4|*—JL| i£^\ JjLJI i*. >l>*jj 

iSli^Ji IS ^-1 <1)^3 4 <a 1 Lt-gjiiliS' 4 jLS^L^j <1)La— — >- <1)15 ISI 

^ ip y**/aA l«L— ?-l <1)1 Ia5 . J tUUSj jA Su 5JbLl oJla ^ dLLj ^5Sn 

l a *x j ^3 4-d J bL <£ LjAIjjI <jl <■ cJi-*-'* la-^J J-dill ^».4 j dJULc^ oil! ^...d t 

•>' 

(jjliLli . ijj_U_» (Jl 4 tiLi Oj$ y* 4 olJL-5llJl a -La ^ >jju> 

^ 4 ... la.** J»L^I J.P i^jUJI ^L— >-S(l t— dJj^« jj-4 J jSll <— jLlSLII yj* £_>L-J! L y >\ jJLsVl 

. frill ^*p i>Lt jL 4 4jli5Jl 4jtil^- JaL—t^I 

jjJa_> 4^L— >-Sfl i5 j>- jJa^uj) ijjiajj I^^Ll-aijj-L-A 4j£JU t I-JLSLaj 

<jy*J jj>-lj jj>j la‘.ll ft -L a J 4 JiL* ^ .. ... ■>■ 55 jji- i*L*Jl iJU-l oJL>- y» Ajjia J y jliLl 

J jj>- afrlj! <1)1 La- 5 . 4-*il jJl 5 jJa-llj Sa_~» jJlj *jLl *-4 jLi>a 4— iJ vJU jjl jLjlpVI 

(_ii JjLJI ^ 4 ^S-T Jj Ja-^j J-4 jUljl ySt jj-ll <^-»l jM 

J-d.il! JUJl£ ^3 oLjJaJ <_£ J&j JL-5l^5 L^Jlixl^l JLdJ . 5-^L>- i-^I olS ^ 

.IpL; frill j frlj^Jl ^ 4-1 ^ c^llj 

^3 4-o-jLaJI 4J l Lu11 ajjJSj ^ 1 — 

^Japl SI 4 c^jL-JI 1 Ju» jj- 1> -iSi 4^ ^i»-! . 4_ajIp ipjli UL^-t J-a-JLiI — J^L-rf 

JLdi 4 IL^- 41^.1. At J_P J^s42->tJ j 4 jJLiLfr LdJj-^- C j-A- sAIj ^-— >■ 4 l a. ^1 j_) 4‘.,«.d -«» 1 L^-Sj-aJ 

m A A 

. — ^ 1 I -La ^3 Ipj—^ j>> jj-sAj 

^ t, liLur La-—?- VjI Jl?-U . 4 JM JlL-- 1 ^ J->-l ja «-t->^L5 (JjLLl ^-^1 j 

liJLP Jljo^ . ^^3^^ Li L^> - ^ ^ l4 ^< b> 4 ^JjL^ 

t Ju?* j j-Aj v-Sjdf |»— a >• ^S j^aJ (Jl j 4 ol-LJ->xlJl y* 

1 ^j-*-ll jlSJ jlyai^-l Lr 4 J^* p ^S (Jl j->-S/l I -La <J^i>-I 

. ^ 'JSL, ^ LajLJI |»L-->-S/l ^jp (Ji 

L5 2Jalll ^^SCJI jJU iLulj 

4(Jli*l ^^-aIL 4 c ^la--tjJl <1)J jiJl ^ (Jj-iJl ^ (^Ja-JI) laJl jj^-Jl |»-1 p <1)15 
4j-s<a_>Jl tills j* jJLp s.d : : .^3 T JjJj 4^1^11 0 -La C-JL5 JL5j .SJLjJLp i— aJLp ^l JA 


A*n 


. TA - TV ^ 4 4-i; jJUai! (or) 



^ JLllljJ ^J-b-ll ®£jjJ'® ->J 4jJIl£ ®J» jlp» _» A-la.J> jA 

Uj^> jO *j JAjJ! 0 ^1 p jl£ JL2 j . ^ _p-*Jl 6 JLf. il ^ll JajjJ oJtf ^yJl O^LvaJl 

IJ-A u.~yOj o -La Ll«LI c e-i->- Jp ^py ®(jljjS/l ^J-P# c)l£ 4 i**»JULjl 

(^aS/I 4aj 8» > * ^fl « » lfl « ) l Oj^mJI (|Jp jl^ *Uj • (_£^JxJl (J^ Jl 

IjL> 4 U l jOL>j . 4jill>sil Il O^Vl L jlaJ 4 ® J*^-l |»JLp® i-* 

I^JLp Jl ciJLISLII |»JLp I JLi ( a^jJL^JI «^a « ll ft ^ c cUUS 

Jliftl ^ ) o-Uo-il S^Vl oJtf 1*>I J (JJ-I) ip^Ul oUN! jOp J I o/Wl 

JjL~>® ip j-aj£ J5 JJ ^i^k zJl (J jSLJl pJLp J-A*j 4 jjU-l CJ jJl ^j 

OLsAj) jjjl L*t . J-s^S/l J-jJ I > tiLJlSLll 4®J-J-I |Jp* -J 4-ia-J 

4 A la* ««J| oV^U ijj-lij Jl (l)Ll4-^5.4 1 A $ » 4 AjjjJI AjjJflJj (a_A_j 1 jjl jL^-ii < J^® 

JL Ij . ^P jjJl JiiJl JbJL^> DL*-/® {jA I <— > ^IAj ijj^Jl AjjJaj l)I LJ • LflLJJJ ijjiajj 
o j^_**Jl p*JLp ^3 L^LJj L*L» Lp ji JSLjLlI 4oJL^» Jp i-l^-Jl ®-La c^aj 

. J | All > jJl *U*Jl ^a 3JLp j®LiaI £j^ll I -La J_j 4 ^a-.lalll 


(JJJ jOp) ipjUl oU^lj & r ,JI c/bftl iujii _ \ 

l$J ^jlll lILLj 4 ip jUl 0>L)5U A+P«P>A\ SJbJLiJl iOliJjll {jA 

4 CjU^I aJLa t yj {jA j . «dJLjl5lII |JaJ i^JbjJl dJLpliJlS J^JaJ Jp ij£j jA 15 jJa 0 j-fiJ^il 

^ja 4 Jb>«J SI . JUSS/I ^ jJ k*p.+pj£ cJlS' ^jill lLUj Jp t . ^ , 1 ^ ^L«aa^!I olS^ 

CJoLS’ 4P yj* yA AjI ^3 JLjCl!^ AJa^>«^ll (JJ>V^fl ^-A JU AftJJ L <L*p y 4 IjlII ^< ■> 

.^aJI viJUS ^ 

^jlll ll j^LsaII ^Jil ^ (^A ^^1 a)I (^jjl ji-l <131 JLP (j\ X&yAyA (j| 

J^U- {jA l5 J jJI jj jiJl ^ LjjjjI l^jlp oJ jaa jl 5 j 4 ^aU* >-,Jl oVVl® ^5 0->*-J 
aJLjij JL^l oJLjj^ I^jlpUo^L oU'y LLaj ap j-*>- jll oJla j . 0 ioJ^! i^ jJ 

^3 I O^^^A l ^Jl jL-l JL3 0 -La AmIpI (.)! . D ^ -fc> 3 0^3 A,la <^l^j 

. vlUtXJll ^jp <il j^a 


Al-Kuwarizmi, L/Z>er mafatlh al-olum, explicans vocabula technica scientiarum \j la )\ ( o t ) 

tam arabum quant peregrinorum , auctore Abu Abdallah Mohammed Ibn Ahmed Ibn Jusof al-Katib 

al-Khowarezmi. 




(r_ \ a) 

U y) ^ y l lULISLU i I Oj 

.(Vl’l'l t ciJWl JLi^t iUjia^- c J y/.Ia .4*0 
JLii JL 2ij c A "l i (\ o * Al^ Jj y>- iw^liSsJl 1-La aj^ jj ^ja \J jJ y> Ua*-3 
l^b V ll53l li* Ji JLi ! J . ^yJl <C^y V I ^ ^ y ^US3l lifi jUyJl 
^ij oNl y — *1 <J l^Jb*- J ^JL^JLJ ois* Jjb . ^JL*J1 i-lfc u? 
5jL-»>* L^..» ^Jbo ^ j** lL?^ • |» ■ - 4‘-±j » aJLaIJI frLJ-S/l 

ciJliJl ilUil U ( J^c- ilL*> jl U JL- y>* 

-Ly n*\s z#A < ami u 4 juiVi ^ ) oj^Ji oVNi iiL^ i*j ^juj 

^y# j y£* dij y>*l)l ftjy^aJl 0 Jl> {_£ yy . AjLjLJI y^»L*Jl ^4*5 

. axjIj JUjc-/L JjSll cS j>~j t Ail—* o'A^-c- 


A * A 


^ j t a Aa jla ■ 11 tj— -Si a-^^I c-*Ij ^_a L-^j ^j_jl (JL^pI j -*p 

4 JaaJI 4lJljL» ^3 dJJASj 4 4*P j-dd ^il 4 j 1A1^4 clLLSAil ^JL*J 4 ,^3 «^3:>xll (J j-nAaJI 

^ Oj j^jt ^liS (J-pj ^LJl^JLI JJLAI i — jIi5 Jp <JU11j olAljil o Aa ojXjj! Jjj 

.dLjlSUl 

^3 * 4 la .... > 4- v^ ^-J LAS' 4 4 _aJjJlI 4 aJUII A.A& (j| 

dLJiSLII c-jIiS A>-L aJJ ^ji>- c o aj>-j 3 Jl jj j-a j A>- L**v ^>1 jAii JjSlI ^ .-all 
f ;L» • > ljA 4 J-JO JL>- Jl 4 3 jjo dJUU . «4.1a : .,.».,ll oNSM& ij#* l jLSLilj *. a s/3 j 

4 tf 4.1a . M ,J j cl- , 'y *)/ 1 ^ dJ I Jo Js^^ llud 4_1 _p Jj*-! Juii . Jl I Aa 

. Ij idfcp oLtt-^?j Lj^Lj < ^i3l j-A)lj t L^ipL-sdJ ajjjj-saJI 3l jilj 

jj\ . «4 U : ... . ll cIaV VU oL*S jjJ LL^ j aJLaII ^ja jLJi ^ .... a J i ^ « •s*~u 

tjj')! ^LJ 4jiJji.l jIjlL* Lg ^4 ll^LmS'^iJI o Aa 4l)^^«a jI^p J-p tL**** 

jLjlp Vl (J/ju ^ ^jlH Oj j-J** j i Lww* ^j1 0^^ • ^A«jl>x 1 f 1 ^3 a la II 

4 AdJjJl ^3 4 1 ^ -■** * ^_g3 * aA^jl>i1I o>ImS ^J l LpU Jl3^ c lIaL— S' oAa 

c->LilAL«j ol ^SDl j <jijLa3I jJLS" aAsI^iII aIs^mJI c-jN V 1 c-jL^S ^ 0 j j—3> ^*3 L«JAa 

2^1 jjL (jJJSj Aiil j^ll j^p <da.. J 1 oVS/1 oLA jj ^yjr? JU>-L ^ ^ 3 jJl 

O 1 i^jussuj . A-nJlj _ e_iLAL*j SjXj - v>J IAU j 43 j^>- _ cJLaJL* c UA-p aj^jt 

. (6>l) (iiJLlJl ,L±l.L) ^a-Jl ^ ^ JSLlj 

j^S cIjIS L^I N[ ^ cr* !-;**' (jjl iJLL» I*-p 

d>Wl ^ .Aj.*. ./a 7 ^3 a>i3-L> 4 J jL^ Jjt c ^J1 jJl t c^jIS J 33 . tilJL^LIl ^JLp jlJ ^ 

l j^* (JL>“ ^t f j£ J ji .✓a" it IJlA ^LoJLaVI i)I Alia^^La jjjJL-lj . L^LjS Jjj Aia^.Jl 
. a j-^a-P (J| 4 ; ...:1L Ll*^ JJ *1 J** 4 433Uoa 3 jit- Jl _p-S/l 

jJLp (jliJl <1) jJiil JJ jAp ^^Li-l j jAJl ^ c aJUJl>- <i>- j3 cJlS 

4 1 Ju J l>- L ul aJl>- J.1 jJJj t^liS ju:pI J 33 . LjJL>~ l ‘a\~'£- ^>t*. a 1 J 3 j 4 

4 aiO 433 j^L AjJil L^J 1 jjw>jj 4 4 A 4 — 1 li\ {j* Lp jj j»Lp JSLij lj A?-i 3 J 

p-t^l jl t 4_IV 1 JL*j jX-iJ 4jLLJ£ aJ^j*-S/ LLluajj LL^aj 1 jJapl 

Cj1j31j oLilj 4jjJLlat oVT AjUaJ ^3 Ij-a-^jj c^j-Ln-ll ( j-« -5 Ls^L?- IjJJ^I 

Jil L^3 j.aj VLl« JSwo (_i3^Al 44 (^l^i uj , 4 j (j jl ^jAil 1 Jla JJ 


,SJb-l 




A^jL\) .> 1^1 ( 00 ) 
J fjLiu-i (on) 





jJl JjU*1I JaU» j* • i J-&-* * |*JLp *■— 'Uljl i i^-sd. ll IJla 

Uit Jl ^ ii^y^JI oWl» Jji ^ U^i j$\l aJSU jlui jJaili JJL -J iJiJl 

• jAj t IpjJj JS^fl j 

Ojj-iJl (jjJLlI j 4-*jJjjJl jy+^-A Jl M la ....Ul C-»VVl |*JLp# j-« IJL^-fcj 

Ij-i JJ L i./9 j IS^UaJl viUSj . ojJaJ <J^l>- aJ aJ-Ul J>-l Jl (j* iJL*-J ^Ja.^ Jl 

Jl ^ j-^aj I J*- Ij c I^jLX-aj oV jU«j \jj jA c l^US' J j K 4U...II oNVl® 

(5-i->-l jljkJ Ljai Ijlkt lift U^a Jlj ioN^II ^ £j-k Jl ^5^U-1 

aJ»JJ oUUl a -L a . L^^LjJLujj IJU-J^I A_it>LJ USjU ^ JJLj US' to'b/'S/l 

^LUl ^JLJISUI JU JSUj 15^1 J^\j 4<1)JUJI r JU jJ*; ^ iU Jl UU 


— jljjl — Y 

^3 t U jUj Ij j£i US' j ojjl j <l)ljJI ^3 V JLSVl oLa JUil <1)1 

<J j->- 4 a**J la J^S*# AjllS' U Jo A— Uj Ujjlli . JjUU <j! C^llS* 

. ( ^Djjl J J*j 

UdjL^lj ijjUdi ^jljl ’.{jCs-j*^- Jl ^ijljll £ijt f-~U> 

l «« «/a$ <JJ-Uj JjS/l ap j-«->«ll ^4 <l)l^)Ji ikUu jSSlI ^Sj**jJl <1)1 • u>pl jUl AjjUdl j^-P 
jl olt^Jl ^JL>-I l ^ a *Ja ) AjjI j-a JLaj! aL^xIjj aJ Jj *Ji£ ^3 Ujj . oliS- j 
<1 )jj JbJL>*Zj AjjI jA cJLijI aJLJU jjJjl Jl JA j\Jai\ li*J J jl^-l £j*±) . >4^ tjw j! 

r - Jj JLL‘^1 ot J-* Cf* Cj^ iJLt cM 5 Lr*^ 

t r ‘ r Y t r Y lY 4 \ J l^I ^1 lily; j\ jUI Lf^-J 4^1 JA UjLii-l 

4 J iLJUl ftjjb . Ojj Ca\J^J 4 ... 4 V 

cl"^ A Jfr C. > *..,. 1 1 ^y»l . *. J 4jl J_*j L^jJ ^yja— * ^jl Ujj^Jl 4l*J^tf- 

M. M. Rozhanskaya and I. S. Levinova, At the Sources of Machine’s : j la >1 (oV) 

Mechanics: Essays on the History of Mechanics (U Istokov Mechaniki Machin Issledovanija po 
Istorii Mechaniki) (Moscow: Nauka, 1983), pp. 101-114. 

. (p->-jdl) . i-Sj+alt (gA) 

Khanikoff, «Analysis and Extracts of Kitab mizdn al-hUcma (Book on the Balance of (M) 
Wisdom): An Arabic Work on the Water-Balance, Written by al-Khazinf in the Twelfth 
Century, » p. 7. 



. <v) S ;i yJl oU-lJI 


(Ijj jJa-wn Jill# j-U J| (jjliM l ^ JL a3 (J^pIjJDI 4jjL~ Jill j+S' J^jl jil Lai 

4- A^j 3j J~a l) 1 j-^ 8 jJ&J fljLJiJUj 4(jljjSll jJ-W-lJ 4— J^L^J jl 3jJ^a (l)l^_4 j_A j 

{jA ^ jl Jail ^jJL^J oJdl*Jl AjjJaJl l)| . AA^JU JUill ^IjJLll J ji? Jp ii j>x!a <jjl jj» JJi£j j 
L j^\ j ls j s y ^ JUpI J^>- c^is' ^i ^ <vc»j jjc- jjjijii 

. ^'\jjL>«JJ iuiJ-l jl j*-a u-jIiS* ^ d^jJ 

Jl *J|>JI (jjli£-| (1)^3 4^jjjlj^l d<N L^JL^L j-*Vl JIaIj LaAlP Lai 

<LlLp oLjjil ®|t-ual^a ! ®<1 )L*a)U ^1 Jjl 3 j^3 . ^IjjSfl 3AP 

(jlj-^a 4 <lLLi>x11 ®0 j la *m j-SJl® jjl -sg?-J ^ 4-pL^ _ (jlj-j-*J t ojJI 

Jl jLjjJl 4—JJ (^0 — ^ — A * ~ ~ J *j ,j\*\aa a Jl Lk~~JLa ®L-ws<sl 3# ciLL^j (^-iJl lJI j-s<aJl 

^jjjljil ( yA o j~£ 1 t(jojL^*lll ^jj^pljjJl j3 (JJJj3j^- 1 <1)1 jjl |*-i 4(|t-A jjJl 

^3 jl a-1 j_^Jl ^3 iJJLx^a ^1 jAJ (j^Lica d>LbP (J j jJ 4 ./a «^>J>1 ( AJIi^ JjJL Jl jjJjljll) 4-jlil 

IJL 4 J L*L>- LqLoJIaI (j jliL-1 j-ajj . dlsL J l »w*-S^ ^^ p jill JjJb£ diJij 4 s-lil 

3 I jil j j^IaII <jjj J j-^J 4jJjA tlr 4 I*j>- ■/? V aJIs . ^jjj! 0^* jc^ - ^ ^j-bll 

. ^P jlJl L^JLaj juj^- cjjlf* *lil ^j3 4jJL*Il 

(^^LipI jl^ JjVl ^jJl- ■ 4 j^J Jl iJb^JJXJ^Jl (jjjljll (Jjlil «iJ 

oJl>-1j (jIiaLaa l^Jb« l)1hj1 4 oLiS" viLLj J^lj * uhj^*'** j ^ ^ fl *»**> 

L^-La d-»^lj 4 C-lLiS^ LliUi ci-JLJl J * 4JL-^ 

4 J-»LJ1 <l)ljjl ^^3 L^ 4 » 4-4jjJaJl J3j OIjJlI jJa J[ CUjIj J-^JLj 4 J 9 jJjA 

^Ls^la Ua (Jj^*l ^JlLj . 4 jj1 JJ Wv^-j-sAaJI® J jb j-p jLlS" j>Cj* (1)LUjI j 

li^Uajl ciUSj 4 L~J jjiJ U ji jjis- A— <j?» 3 I Jjbol Jp 4 jjjJ 1 J Jjj-b.'^.'ll (1)1 jjl J J-laj 
C-»L^Lw«^a ^jAjj LJ* 4-s^lit-l 4i>oL*J J| V J+0J 4-«jJl2jl j j- sA*Jl ^3 (jljjl 

L5®J 4^ od^ 4pJjJl Jbrj 

5- L*-« 4jJlj 4_i^ JJ ^ la J| JLjLp (jldLuajjJl + 4 ll d\jA\ J-P 1 JL-51 ^l^-^^wJl d)| 

4^*>L^Nl (1)1 jlU1 ^ 4il)L*<l ^JL>ti^»l JLoi 4(jjL>JJ L 43 j j . f-lll ^ oL^Jl jjjJ 

Rozhanskaya, Mechanicana Srednevokom Vostoke , pp. 124-128. 

Khanikoff, Ibid., pp. 33-51. 


AW 


: >M (no 
Ci\) 

. 4^-ai (nn) 



C Jl.» lj|j«wa (, y*^ J| oU^Jl 3 J. p {£j^ j 1 3lj »AjJ 

y-*~J ^*L-_*u i Jy*J OHJ^*- 4 cft^-l ji 01 j^ Vl jJhj . jlj-waM 

j&ji 0LJl!i J . jlj^ll ft*.. Ja-uj C-JLa i1)LJj ii j>%1a Ojjj Ajj^S i oliS 
J-J-*jJl y* £jL> ^Llaj J^L>- {ja Ju jj aJo-m-Jj a jU^jjl (1 )j^j 'Vj iSJ-ptS <Jp 
^ ciLi Oj^ y* jJfc ^UaJl IjLfcj & aIoU- A-jal* JSOiu AaJoS A*,pjIp jy* i^-iJ J« 
Jp JJfllll ^3 ^A iJlA jJLdl ^Uaj 6^4 (j| , (^jl^<L**<Vl yy-^OJ 

oL-UtJ ^u^A* frU&L Ujj CJ^ab JLi aJUI 43 jjl jl Li' l«iaSoU Olj~*# A3 3 

Oljjl (JjLii-l v^i ygj jJj . ^t-Jl . . . 0L-JL1I AjjJj 4 JU frLl>«Jl AjjljJj jLw»- Ll ij 

Justfj ilJLul Jp AI33 j Ajjl y JJ A***jJL A>-j jlail JjL«1Ij 4a*a/ <Aj jJs» jpj Afrlj^-I J 

0 j j-U Q\ *.p */>£* Luis' AijLtJl oLa^JI yt ^cjul (jl jSSjj . k+£*^-\ y* JaIS 

lLUJlSj t OliSj-p^il <1 >Ljla^CJ I C/^>" ^ .frill ^ (jj^JU aJlIUJI a_a^JJ ifrlj^Jl ^3 

jJajl) OjjJlj j^«.».lJl J-J t Ojl jJ aJU- JI Olj-lL J jJU oVLil jj3 til ^>*lll OjjJl 

.((0 . U) J£JI J (i - ^ A) pij JSODl 


j-wucj| (3 jJaj 4j jla « ll AjJpU jjJa Si Olj^ 9 ® Jl*-> Lo*J (jjliM y*+>~ -^J 


c L« AluJ ^ jjjJl® Jb JL>«jJ A»JL>«7.»il AAjjJaJl J^j-sAj^JL (3jLs^-1 v— i .u»j LaS^ 

. ajo) jJl 0 ijJtll ^ jLwu>- 1^.14 L^L»I Uj>* d)t vI ^-3 


^4 A-flj j-laJl jttX* (Sj£ <i)LSj 

AjL^JI ^^3 ^ jJL*_ 4 jjj Oli AlLp i]!i JLLP ) ^u . frill AljliJl AjJltil A^aSlll 

A-^_i-l yA AIjUJI A3^Jl ^ Aj jl y* JLajI y Ojlj-lJl JLuoj ( A»^-l yA AIjLLII 

. ^yuji 4 JL 1 ^ ^^>ai iasai ji Aijt ^ii jiiiSMj t frill ^s ji ibji ^ . ^^ji 

JS <jljjl <( 1 - - <J Jp olill ^p C-»La^Jl 01 jJkl Ojl y y^z *^1^ -bP 

. J Jj>«il ^j-a Aj jL>..la oliLw-wa Jp ^iu jt oLft^Jl <^yy t j^>Jll ( j^« <f>- 

La J^JU c aJLuJI AjIjA ^3 Aljljil (Jla^bD aJL«IjL>1 aS ^> dl <a^JI 1-^3 Jl>* y 4 aLlaOIj 

0 L 0 JU yfryl\ Jill) aSjI jll aIslajJI ^i ((a^jJLm^o S^ll ^t 0«b«l) jJLcJl ® jS" j-4® 

. Oj^l izj^y 








p ' ; 


\ .X * 


s 




'jumimfijt ) 



cr^i, ifri&f(s>M W&-4& »]•&>/.> *-*r^‘ l 

oi/tijy^i >># jy/tj/fi '■»' 

(1 _ \A) Jjj^JI 

. O ^ 4 (_£ J C-T^? 1 ^ 4 OlyJ^) *— llif 4 jUM 

yj .f u U /.* o ^ 4^, jjUU 4431 . UJLj 4;>! JUi ^iiSOi 1i> 

(^j^Aii c^jJjJ < -<y-^ jl) oLj jJi y« ■ oiyll Jy JjLJI ^lyJl J5 4. 
.oJb 4 jL*- l* J5” <iyj lily* aJ J-^*jj ‘(jjjJ' tS y cri *^y3' u 
4 d>l jJLI t*iA JLjCL^I A-jLS" AjL*J lJub AjLS^ 

. juiVi ju jl>wl> ^jLa!j Lam! i.^.-^ y ^ 

oLI ji 4 jj^^Jl a_La ^ {Sy 
. iiJci- p-J NU>t <*LU.iSj * <Jp 


AU 





; Km» j>rf 




''■■ i. /ry^* j / y 


£~*(g 

'$1 J*J* 




(° — \A) pij 

. ( \*\ t ^ jJ<*£ 1 *-^ j4^) jlj-^ » i~j\z£ i ^jjti-1 

^>-1 ji jJ* j . ^ Y \ \ /_& Q\ 0 41^ <j jliM AdJl . AaIL 4*W 

(<j. mj^sLa l (j^JLijl l ^jmS+2* jl) jlljJl {jA '. l) 1^-11 <J^>- J,Ul lL>Ij 2)1 A-i 

. 4lijj AJU*a L* JS* <3jJ*J AJ J^juj t((Jjj*Ji t5ji ^jJ ( ^> 

C (jl jAl l-U JLh.i^I <.JlS 4j 1 .it |JL» Atll^ jjUU 
. <-p ^iil (JLi»S/l Jb J l>o< |_^JLaZj U*j L» Vj 

LjOl^Jl JsLjjI ( JiJ I jj*a Jl oJlA ^ (_£ jt 

, iikjt ^-S oli viii ii-UiS'j ( Jp 


AU 




^1 «J L viLL)*x5j t 4 yi ««— )L> 4_*^1_>* Up^ ^ > m>< i* • /t ^ ot5j 

J r aJLs ^ jb*^l O^ cii ^■«***j Ol5 JU3 . f-LJD 4 *jL*o- 5 «. ^j^uiJl 

. *1 j^JL) Olj 4.L- H * 6jij^>*J <JjU Jl5_} 4 ^jyc4 £^1* ^a f-Lo 
jjij \^aZ>*^a ^jliL.| <jl^~« £J*X* L^ ■*! jilj <1)31*1 1 *jS\ jA 8 <1)[ 

t^jhjJI : JUI J5LiJl Jp ^ o^Ull J| <_JL .^P>JI JUibU JjL; 

! 4-JJLaII il^ll JJ «L. -.jJbj 4 j-J>JL ^a . 2 ll tJujJ-l tjJj^Jl 4 A-yj 4 11 4 t y?Ls^^Jl 4 J^SjJl 
. ^U-jJlj 4 ^^>fcvaJl JjJUl 43jjj^Ul 43^*jJl tl^SUl 4 <j J jVl Oj3 Ul 

4 ciiJJLI as^sjj . jl>-Ij ^J^JLo VI V oij^il Ojl jj ol y*> cio^^ jz~*t 

^J>. yg - > - I 3 I 3 . oJL>-lj <lLj_Lij Vl tjl^.L^hfc.u V L* t£.yk.»M ^S jjj Lo o3li ^P^jJl J-alll 0^3 

jl j-s^LlP ( jj» 4jL)j> ^Jh 4£*j*Jl O^ (_5-^i I.X ^3 4 J^Lij SJLP ^3 OljJ.1 Ojl jJ 

. 4^*-^?l^ 4j2j ^Jaj yLil J>- V illiM aJLA 4 ^*^1 

ol^}— ^1 JL>gjLfcxl *^"i 4 dloL— — Jl *■ - ^ jjj ^p jjJl ^|_aXJI ol <M<.> ^1 oL^VLij 

. ^>-1 oVl*-*^~-l 4 J ol L*5 4 <LjJLa1! 3 I ^ilj o^LaII ^Ll>j SJL^p! ^a ®4-*^J»l 

urO-^ 1 <_r* ^J^-* (_r-N d^O'-A* i>! dr* J-*-^' j-r- *-d JjjJ-r*-" 0!_>1I 0l£j 

.jU- ^iJlillj jJLp jliJl jui^U.1 

eUj J-xJl o'bl l^jCw-'yi (jl iijjJlj 01 y?*^ *u^I 2 j-ftj LaS 

(J S' il ojl y> (j^-i_) ociso La 3 < IajJ-* Oj^j L»JUj«i . 4 :U .../Ijj I j 2.3^ |_jJl 
jl^S viJUJ^ j ( «OLJ» jl «0 >k- ^ c «>....^jll» dr* 4 j^r' 

4 ISI 4 015 0^3 . . . <jU(JLJ (J-33 2l .^a ^LlfiL-^rJ# -5 jl 4 # ^1 ^*-*1 jjJl 

. J J^JLII <*~m\ j CjVUjwV I ^jA *s> yJr 43 Jill <a£jZ ill 4 J5wj 

J2JI - r 

3 J . |jj>- Sj3U ^^P jlll ^JJaiJl JbJL>«lI (Jjbll doVjL>«il J y>- a ji jlil CoL« jl 
^iJi <w — S j ^j+j J-oS^ jl ol (_^o ^r* ( _yJl ® j^..£.ll oj ^ i a ..*iV I d->V_^L>til aJ-ft ^oSI 

Ua^l JLd ^jOI^-wjVI ol |%JL»o L5 . 4 -mj ^3 4mPU^ 4 l^.«^ ^ * . w? 

. <jL*,i.i oJl^. 

IuU 4^^<Jl pJLJl ^3 ^p jiJl ^Jua^lS) JbwL>cil I ^jill oLwIjjJL/ (JJjCj La-3 LaI 

^ 4 — pjjJl <JLajV| ^^3 •— aJ^* L^ ^jjjJL.A-4 4 L^-3 ^1 jJl pIjljV 4 lLULaj 


Al-Birunl, «Maqala fi al-nisab allati bayna al-filizzal wa al-jawahir fi al-hajm (Le (If) 
Livre sur la relation existant entre les volumes des metaux et ceux des pierres precieuses)». 



(j jlii-l <j! Jl < 1)1 IA^jL* jJ^jj . a jA j^S* &L j51i ^ JlJl jl j-^a c^LlS'j 

♦ aJ A^-jilj Lj aJLI^j c-aJj^* 

^-Lp JL>- j L^lj-^-l ^^1 oLI jjJl L ya_*_j J jU-lj Jj j--Jl J ^ .aj cJ j^*J LJl 
<1) j-SJl) 4 — a— ^^j Ll>- ^jj (.s^>L> - »J J ^LJI j jJJI) Jp al^j ! 4 L-> j-*JI <1 )IaJL)I 

j-J-LuJl <1) jJaJl) ^jU^Jl ^Jl-saaJI jjIj ^IjJu 4-m«»jJLo Jl j L-o-io jlJUUl 

I ^Jlj 4 O^L-dJ j^L#»Jl <j jjjJl) • ^-^Lll ajLLj a ^ « p! (_£aJI 

j-JLp (_jliJj j-JLp ^^l^-l <1 )L j-a)I) ^>LiM t jJLs* j-*iL«Jl <jL j-aJI) 

. p-A ^pj 4 G^LJll 

jl 4 J| p— *«*->- <Jj^ aijL^aj JJdJl <jl Jp AjAJLiJI C-- ajI 'yj 

jUajVl (JjliM J-J qA V J A-*jJIa]I j j >/* * l l M AJAj lijx-fr Lj jJL> 

cr^ (JJa^ (*-^l O^-Nj {-* 4 cJ^LjS/ t frVj-* 

<1)1 Ojs c jj> Jl^JLj ^yp^Jl JJLlJl ^j-jja> ^SljJl ^ 1 Jj>tJL*jI Aa 4 LeAJLa 

L— jl ji’-L c5*Lll <JjLLl Jl ^j_*j j»^-$-a1I !j_$J j~3o yu Jjlj . 

, ^ ^<a*^«- Jl [1 $jap Soil I ^ja\ jS\ >- Jil a~J JjLc a^w- Jl |**—*>- J*1 

AJ j-*-*J 4 *lll frlj-$Jl Lfijj ^ J*~* <w ^ 4 La A U - fr - 1 ^PjjJl JijJl 

IjjJ aJ jjJL^Jl ^jl jll C-^jJ 4 ULflj . AljJl Qm JaJJ JL1P ^1^1 *Hl jjj 

4 J-^l AjjO L>-jj^ . A^ J Lg’l 1 ^ ~*-a. 1 4 <^JjL>tl)l aAA JA« 1-<V^ <• 

Ju JL>«J l] U^j ^ l-Pj JajcLxI JL A3 . JljL-JI JL|JL>fcll A-PjL aJ| A^aJ j~S I 

‘ t-J® ^J^>fril Silil <l)jj Jl <l)j J AmmJ «^->L->- a1a*jI^j 4 A-jP jjJl <jLfij^/l 

L |t— J" J^«»ll ^ 4 oLlfl wll flJ L> Jp Jj-sfii-1 A«JJ 

JL^l Aii . VL^JI JU^bU oL-UJl aLk«wLj j^xll *^®A * ^ ^ ‘ "* l> * A» w^ 1jj aJL«j»j 
JU illj 4 <JLa1a a£a ojljJLa) \jp-\j Ljjj di-Lc LJ JLitil ^Ijllj o^LaII {ja oLup 
. (» w ^ajl! 1 JUta AjLa aJLlJmj ^ jJI jr^S) l^^ - J L«->«^" ^1 (LaI^p £ , 1 Y 1 

j-Jll ^lll oj j J j^>- ^ ij* 9 j** 4 J jIjJ-I ja ^ap ^ L^Jp (_^Jl ^jIiJI 
JjA>- ^ jp Ui' 4 frl j-fJl ^ L^J a-JjlaII ^1 jllj <l)^L*ll ^ja oIap 4 — %>*j 

LjL*,w>- ^yp jjJl J^lll ( j^j»jij . jJl . . . frill ^yi jjjJl ^^aJ L$J oLp j»L«.l jpA 

Jjlaj 1 a *C 4 ^1a*j| S^La-S" frill jl>-1j ^1 ^jj-j-jJl <1)1 Jl ^.AJj . (JjIjlJLI aJla LS^LlaJl 
^t 4 JuilSfl ^lilj 4<j^Ltll Jl a„ : ,^:JL 4^x11 ^1 4 J-AIV 1 jJLull Jj 4Ul^ 

. AJAJJ ^1 ^11 Jl JjjSfl o y\J\ 


Khanikoff, Ibid., pp. 55-78. 


AW 


(no 

. a n ^ 4 <~Ju jAjaii (no) 



. aJU -1 ol Ja .*ll y L» -t>- JJ 4 -j jl ^LJ 6 J 

(Jjj-^-Ji J-^l -LLl) ^ jl>«Jl frUl S jl j ^-1 oLjjJl SjLaj H . Jj^iJl 

. (frill Sjl ^>- 

^ *m » Ly L.i > s^LpI ^<jJl l ^ *i ^ ^p L< dl ^-SbJl <jl 

Jl jJJ tlui^oj .frill Jl tJjjS/l OjiUlj (wjkJLIl (j\ tLAJUipl tl^iJLll iL—Vl 
s^lil jJj Jl iL^)M Sill ^jJl c J-a±J! i— J ^ Jj^—Jl 4 -^aJ J 4 cr^ ^ ^ 
<L» Jp «— > j-JJl J^U- ^ ~ J u c ((wJbjUU \ * o j JjjS/1 o jiLJJ Y',^1 i— Jl j) 

. (jUifr 41 a jA iluJl l)j J dSl) 

JUT^I oli j jii\ JJ J 5 j 4 JSl j— Jl (jJtnJ jJl JJaJl U aut (j j j-Jl iJb»- Jij 

ai**>9 o^Ip i^>- j Jl aLij^I OajlI LaJ . <— >jl*JIj jJHI j i jLJl frLJJ a-p jJI 

4a£j Sijj^® ill ^jl>*-ill dJ-jJ JJ ^L J>»jc^x1 jlSj . frLJJ ^p ^J l JJiiJlj SiliSJl 

^tJjL ^3 jl 5 Jj ^jli . (J jliM AjL^J <_£ JJl 4 frlj^Jl 4j\lS ( j-hLjL« j | 4 Jjl j_JU 

. 4 *+Jj 3 *cS\ oL*tjLj.l ^ JjJL£ ^IJ-^ J>*^ {j* Jj^ |*-LJl 

JL3 j . |» ^^1 jI^m4 j3 L*ali*- LiJjpa ^yP ^Jl JjJl jujl£ jLi ^LjLl j^P ^ja juJ 
Jjj Si jij- jll olStAJl ^LJ-I ^jl>«jLwJ . ^ jUM i— jU JLl^o <— aJjII 1 -La CJ ii 

JjS/ U 4 cf P^lll JjJI JbJb-J ^L->- ^r^lj . J^UojI 4 la a 1 *T frlllj frl j-^Jl 

Jl ^ j 4«a,Ullj tfwlj <ij~r ^ 4 * 4jijJka^\ u! 4 4-— Jl <iJ*j L^3 
b^\ ^ jjl JJ^JI f UUI iJL 4 j . U^Ll oViUll ^ ^JbLl J >Jl 

Q2 <>Q\ ‘Qj P2 ‘ -Pi 4 P jl ^ jUJ . frill ^ Lfi jj Jl frl j-fll ^ L» SiL. djj J 

d 2 4 d>\ 4 d jl ^ 4 frill frlj^Jl ^ JlyJl 4 1 ^^ 2 ^-J 

Cj^jj P2/Q2 J Pl/QlJ P/Q ' Jl Jjl^-* ^.lfl‘«»i) UJLLP 4 4^31^11 <jPjJl JuSfi 

! 4-p jJl JUjS/I v— »« m*J iliU* 


<k 


d>2 d a 



d 

d rfgflll 


Ji^lS 4 ^^xJLLA (jLj 4 la J ji 4 L^jp Js^>- ^Jl oL— * <Ul jaULl 

. 4 Jl^ Jl ijJal oli Aai JL aJI p-Jl 

fjli\ jjlil l £aJ3 ^p ^Jl Jilll JbJL>J jJJl J AjjJaJl ^ 4— >LJ 4>L^a JLa j 
J ^Ul J-wsAiJL (l)i JL«J . Jui^U jl^fr veils' ^ La-^» U— i 4ilA\ oJl^J ^ya ./3>- 

. _ AV 44—Sj jJUoll (*l*l) 


A>A 



j~\ I) dUJL- ^1 

Juso^>-j <U-^!^> oLjj Xk& <JjtJi>-j jlj— « 

l»-» < *1 j-^Jl f^j ^ (L^JL— j ‘ L^oa j > — ^&3 ol^p <Jlitll > ^J-^) oli»jcJl oljjl 
! 4 JI 1 II (JJ jJaJlj 3l j.JJ OljjSlI .b.Jbxl] 1^ -a.l^-T^l 

s <uil jil oL^Urll 1 jc«1>- j c * ^%jlL1 a^jlJLS^I <j ^iaJl _ I 

£ LxJlI^JI a]o^m\ jj _ c-> 


• cij^^ <>-j jJl ^*^4 "kijy*- i>o (_$l 4 KaLIaII j ^JL-|B aJo-^I^j _ ^ 

d)l jj I (J»l j-^jZ Q 2 *>Q\ lQj P 2 4 P\ ^P o*JLS^ !S| t lJL>Lb* lJ j_*il \~±S 
L^Ji\ (jjJ-i I JJ yjijS F 2 (>Fi (F j Ulj_^Jlj *lil ^3 
3JLp j-4 jJ m 2 t mi t m j £ ^jjdl j- 4 *>>- (Jl y*jZ Cj <, 

^LJ~I (^jL^-l tJLi'jb AjL^S" J aJLM aJLA ^3 C l^. J.s ^ g’ J JJ £jJlll 

: <JLJl sjlpUII ji j 

P(Q 2 -Q) _ P(m 2 - m) 


x — - 


Q2 — Qi 


m 2 — mi 


F — P-Q = cmjF^ — P x -Q x — cm 1 j F 2 = P 2 - Q 2 = cm 2 

» ^ jifiLfr »L>~I d)j_j 3? ^ 

d£-la_>- jJjlii-l . A-w^JLLfc l $ « CJ cJj^M 4 -Aj ^J aJl ^JLj 4-4jj-U iiLjfc 

! aJLJI ^ULaLI Cjy*-* J-4 ^LJL* (Jij 1 -o.^JLp .HFj EG jJL« 

(. p-lil ^P = Q 4 *\ c5^ *Jl Ojj EG — P 

t S 3 j^>- jil wwA JUl pill ^ jjjJl JJL^j fj jJl FfF = £1 — FQi / Pi 

jiajl) ^3 63 j 3>* ^ll 4-sAjjJl P-lil ^3 (jj^Jl JJL^j (^jJ! KF — £2 “ PQ 2 / P 2 

<U.a‘J 1 ^3 Lk^jL^zJl GK j EH ££a-Jji**A 1 .((*1 — ^A) ^J^JLll 

. i! j^.w ^S/l Ijla oLjI ( j^jj c Ui>- jUiUij Lk^i . X 
X HE 



S\\ 



• he ^ j\jj» j£alj km ^Ja-ili jjiii |%j 

i LjLw^ EMK j GEH <j&j \ jJl £\y***r < A-->- 4 MEHK ^L^S/I 

kMGK vLlill Jl vJL vrjli- i jlj ^ EMK <jl Uj . S^U- £XRT ijjljJl j 

. oL>- Lul EGX ajjIjJI (j^i 


• XHE |%-Jii~Al { j^j ai*** Ajjlj XL <JLUA Aaj (JJtA-l jjj 

Jl EG £>*211 aLUI oi* ^ coUJl au-l .0 aUiII J EG ^kiil XL 
XG ja lili . LF = Q i)j£j d**>o L aLaJI jLz>-l |t-j Ji3j • j*p 

<i^*Jl 0j£j XKG ^.JlJlI c-j£ jA I3lj c^aIU^-I <l*aJI 0j£s EMG |*-ai~AI 

. ^^->-*-*11 4 JLn-*J 1 j XHE p . 2 * ..A I ^iaj IAJ 4 4 _*,aJIjL.| a *Ja a II 

£\yJ> j-* <^^Jl ^JbAl ^JLfc ^ jJ 4 « ... > <l)L-^Ll* U* EGj EO <1)1 * la alii 


4-ijJlaJl j>Jj*_^l ^AJl jLlJl j-* 4^-fi S*-* U"*^ U>AJjll {jyi 4 JjliLl <1)1 
jj j^asS ^Li-I aAj J& jLipI Lj! jJ> . ^LA-I cU^S l*»£ c JjSf I Ul . a~^jjl$JI 

AJLfc aJls&jIa JJL A AAj^Ja ^ jJLil (_J jliAl ji i^/^“ ^ 4 A*jL*k>- A^lAlJ c- 3 JJJfc 
. UJl olJ a .L a ^ftAJ Jjl ^3 (^LJl A*&**-j jLipI . ^jjll JjL~« JA- A 3 Jj 

jj^ Jjlil ^Jl ^l AilUl aJL^LII Ut 

: Jlill JSCJLil Jp IfA* J&u oLA£Jl j>U 1 *pU> j\\ ^Ulli .UL- UU /A ^1 

Q = x^+(P-x)^ 

L^Jl^I jjj *jfc xj 4 aSL^JI ^ Jjj A!AiUj jl AJJt ^ ^ j ^ U->- 

0 JLa 1 (tiJLjLall ^yj! (3 jiaJl llxJL>wol lijj . .iL^J c- Jj I iall 

: Jdl JPUJI Jp aaUll 

<l-S)- p (?-S) 


X = ■ 


’(H) 

Qi 
Pi 


X = P 


Q 2 
P 2 


Q -6 

6-6 






j, 4 

• l ^ ■If* LLa^ ^ i ■ ■ J 1 f ^ ■■ d > ^Iuj iji ^1 


AY* 





. 0 j^mJI AJLJa ill 3 ^JflJlj Aj^laJ! ebJLil ajj L. J? jjCLm\ JLi! 

jLopI ^jxLul J (Jp J AjllS^ J A^" ^Jl ^Jp J*/3~~A~ l Sjj 6 JLa jj 

JjUlI k-jaJjij SJLSUJl (3 jJ^Jl ^Jp V jl Ojj^-1 JLa3 . AwJliJl jj^ajdl 

«. JU-J jj jlaJ . jJLp l j^i 1^3 {£y*r j c A*^Jl^Jll 

. I g — ^ aJlA jla^jl Aj^lalJ ^LjJl 

ap ^ g 11 ■«■ *« b ^J-pI (_$ (3j O^^mJI p_ip ip jaJI ^JjJI (JU>- j iJjii 

oL 1 alJUj oL^LjlU A^JlUl Ajj la \ 11 ^jp Aj jj ^il lLLLj la 2 i jj^J) A^LjJl (3 j-laJl 

C-jLjutjj J > AP^*->«il o Jp {j* L*Aj1 I^aJ^wL^I Jlj 4 y * )1 ^3 A^-AllI . ^*^\Jl 

<L5L^*A53l aii .(^jhj-^ap ^ A3 j jjv> cJl^ ^1 aaJjJI tpL-J-1 

a_oI jJl AjjJaJ o~~~^Lj U-S* .^LajS/1 Ajj^Lj ^Jp oJLJaj 4 JuiiJl j^« ajjJsj 

jj^JaJl ^3 bjjj! ^3 SJbJL>- olj jjol.1 li>-V ^4^ d)t ^J-J ® A*j iL^-l pJLpW Liuj 4 AjjI ^J l 
jUU C-*>*--pl <*i — >*j 4 Aw«Lj^ AjjULo <jL*jCL*flj j j £+* Jl pJLp ol jjblla jJl 

^ 1 p Jl?-!j ^_Lp ^ yA 4 <j |»-L p^ L^^aLij jl)1 ^1 4 l) ^ ^ ^ L*_ 1 1 o L j^LLI 

. JJLJISJlI 

LJlp IjLj LjLjI Jii |*JLp ^l4 a^LjjJI aj^LaII ^L* JJl jl L«j^ 

. OJjaII A^a— J 

ap (JLijS/I |»-Lp ^.i.«o<I I^Jlp oJLpLs d) Jl |+JLp 3^*2* juJ 

AP jjJl (JLajS/ I JbJL^- 4 tpL-*3-l ^ aLJ^j oJLjJlp (3 jJ 3 jty**-* |*d» JLa 3 . ^L^>-bb! 

jLipI 1 j-p-Ij . aJjjJIj d)lj-jil a_> j-laj (31 4 -pL>w o.a.z.z.^1 (3 jJ® 

pJL#Jl A^-J^>*lll cJj^l (3-^Jaj AjI J b 4 jj pj 4 (JjliLl J (JjjjJl 3LftpI 

Ijj^ JLA3 . ^IbJl ^tJLuJl jjJa j ^3 A^Ul A-5Jb»" ^Jp (jlS^ JLaJ 

^ b^jj aV jJj . OjjJaJl ^3 b^jjjl ^3 lILjISLII jtJ-^ ^ j-d*j (> ^3 l ^ a 

. ji j\^ji jjjisai ^jp ApiUi^b ( j5o 




_w_ 






iaJjLa 

IJla jLipI UtSL-Lj t^i^jJLjJl ^tLlI ^J^ vlojj ja jiLlI ^JLp 

4J.ft^ftLflJ I AjLL>* 1I jl jil J AavjLJj A^*JbLLiJ Aj jj! Jj 23 . . ) ^ «> - jJ I 6 jS.^Xj» 

^JjJi iJij- i jjiAijtii ^jji JjIjS/i ^ ^Ji ^L^JLiJi <1)1 i j^>- 

j j-Jj ^ J : ft 1 la » J o Jj^Aj ^Jubl (JtJLftI uT,, r "1 (j ^ (jvJJjll A-* jJL# ljJ.ftJ. I j jj 

^ jJLaJI oLpliai aLL jJiLil ^JLp (1)1 ^ jJ cULIJJ . JoJi P-VjJfc Jpj I p-* J^-Pj 

jlS" l ^ ^ ft c jJz* (JjjI jJLlj ^1 aJ j^J t ^Ll« (JJLLaJI ^JLa^ 4a_jjjJI 

. I JLa Jj] eu ^5 !>Qj jJj jJjJ (1)1 AjLi 4 ' %Z*fr 

">L*_8 j , £J-a v^»>«J l— ~J j^- 4 j j jj d)jJ |i ajj-aJI a-a-jJI <j-La 

6ji« w>< c o ^ <> ij j t ajL jJl Vi 4*^1 1 JjtJl Jaj c |JLaJI Ixa o ^ huj c « **» 

f'L.jXdJl JlS' Jjj . aJ j*oa] Jb JL ^>j 4 oJb J^f- ^jllJ J 4 v2jLL^)1 oJL$J ^p^oj 

pJ-P ^cjjIJ t |»Jlj J^-J*jj 1 AjUflj CftA-Ja A*JLa>- Sjjj j^./apxlJ LJ15' (j-b 

Aft^lill aJjJU ZS aJLfc ^ujJH^ft llilj . ^Ij^-uaJ! pJ-P p-pl J^J-jj 1-sAaI Jj 4 jJ^llil 
^jXil ^Jjjk Jl ^labil ^Lp jL~« 4 ( j r ft-*Jl JUaaIVIj (J-JjJI J-sA>ljlJl 

. jJLp ( _^oL«J1j ^ftUl 

‘Lftj-ftJl oL> jjJl lIajLwj vX-*->- 4 A fl ./a.t.'.ft J1 Ju»L>*jJLj j 4 ^^LJl o j-aJ 1 Jl JLaJJ 

. ^jlUJl aUI J^jUI Ua a*^ r U (*) 

Arr 



^-Lp ^ (JjS/l vi^LpxjS/l ^ v— jj>" JJ Lo>- aJUjJI j-sojJJ 

L 43 J cols’ J5ljL aJ| jJL ^ ^JJlj CC^>»Jlj L^lll ^ <j^d ^ * jJ^LAl 

• Al^jJ p-J-tlll J^jVl Jl ( j£j ^ j[ <~J>\jji\ ^l^il ^jL> Jl ftl J~RJ Jj ^Lll ^Jlp 

•^■■tP^I^ a-i-A aS A. x~+*\& |».^ l lOjI Lj ^aI Ljj A-^Jl)L» ^-A ^IjJl IJLA jl 

jJ_J l^li tciLli ^ i^SoJL Jl> t Jxii JJLi aJLa-p I Jbl (^J . ^-tLJLi ^JLJ 

oLLSjl jxa *1*^1 1> 1 ., < 3 7 jlj ciJJS ^ La jlaJ jiS^S/l bi*>«Jb aL.7 ja 

^ 4 C-J? dJ 6 j-A AJf ^ ^lll <Jl*pI <1)T JjUIL ^J-*j Ll^J 4 AjOJlll £^»jl ^jlJlj <LjoJl 

Ua-o (JLut *l*Jl*Jlj jy8^jill oLL$ JL j . ^^LJi j^jlll <JjVl «- a -/*-ll <J^L>- cl^Jajc« 
^-^LJl j j-SJl f t^JLi^Jl Jl* Ai-w-^LaJl *l*JbJlj 4 Jj>«— J jo>- j Li jJ jJ 

D o . m i c ^j-U. 1 I J-*** tfll d->H ^ *m Jl oloVL c^^S’-xli 

1%-Lp c-jLLlSUI Jl J -Ujo L«o viUSj j Jl I -La ^ja Jl*_»I Jl <JL*_jj J_-5l J-£jLj 
tiUi pL*JL«J S*l ji • j j-u»Jl ^.-Ld I j-4> Ja-J jJ ^jill jliVl ^liii^Lj c jJ^Lil 

cillilj ( j^ JL-U 1 jJpLu J if? jil! Jp |*-^p*> 11?I U oJLSj ^Jl^JI jl UjJ ^l^ 0 I 

^Jp J-^ oL^ jill a -L a ^Jajuj . ^ ^ {jiJ >- T AiloNL J! ^ill ^ 

iLioJljJ! >bll 

oIpIJLaJU ciLJjlS’ j 4 \ \ ^ ll f^\ 4 1 ^IaILj c1>Ij ^ s A «> ) 1 — I 

. 4j aIxJ jii Aj J-O-J l 

^Jp aj j^a^}\ <A-JiS/l 4_^1 jJlJ1 4 9 jolII | » l p — 

• y 

. U ^11 Jp L^JLlI UJibU ojUill ^ISUjVl i-lji ^1 4 O yJil U >1 . ^ 

• J^“ - * 

aL»| 4 jLS jlkj l*— d ^IjUll LaLo^* 1 l*S" ^JLp JUJ^oiL ^a a-La 

LiLicdl ^ j^aJI A-^JLl^Jl J jpiJl o JL a J c„i . oJ jl 4 cij^ Ao-lj ^-aj . :r) r^' 

dlLi jl c 1-l^a.T jl 4 uja^ J (AY A ao (j jju) ^ J-jI ijliS i j . /? ail ( ^ ) 

. cJai>- J$\j JyJl Jp^ jJl 

Roshdi Rashed, «De Constantinople a : ^JaJl c Jl jjJl ^ jS/ Lj^aJI J* jjJI J ^ (Y) 
Bagdad: Anthemius de Tralles et al-Kindi,» papier presente a: Actes du colloque sur la Syrie de 
byzance a V Islam (Lym, 11-15 septembre 90) (Damas: Institut fran 5 ais d’etudes arabes de Damas, 
1991). 

I 5 jJkUJl) r 4 <jy>\ jlaJLP LfJ ^JL> j \^aa>- b ^ jLJl »1 i/i >-| b cjljlAll JU-P JUP j-aj jj! (T) 

M «Y - b(Y ATA b[. j.^] 


AYt 



4 4jL- >^L i)l oUI *yA lLU.a5j (1) ^-jJI l aJoJ J.I *LkSM JL*pI c. 

J^LJ.1 |»,Lp oLjiaj J 1^,1 ajl**<^LaJ1 yjt <— a^»Jxj ol 


jA\j h}J\ 

C 4 aJU *L>-U (y*j 


. <!)JjS/l5 4 ^jLjjll 

aj ?^ Jj Jp £^U*Vl ^ <1)15 jJjLhJI <1) j-ill v a./a*‘. 4 ^l*u UJLp <1)U IjL^aj 

<1)15 US’ /°^^JLkJ >bll v t* *>l Jp, ^JulJ^ >L1I 

l^pj jll (w-»Ll5 Jp 4 L« jl>- Jl 4j-*iL-4 j^jp J5Jdj £*>LUVl aJL£*L 

4 v_3 jJO ^JLdl iJLfc <1)L5 »dUJ5 J Jjz* A-w»»j-La oLll5 ^ajo Jpj 4 aJj V 

^JL-j ^1 L$b» n.ll) 4 A3 jpJ. 1 LI Jl ^yf>yA AJU jJl bbLll5sjl J*j£ 4 Lj jjib 


k >Ll 5 ^_4 oLxi L a a_p yjc*~£- Jl 4iLpl 4 A-jj»*Jl J| j«» L^., 5 . (aaJj^JI ajl^j-i 

jlij-* c_Djij 4 (Didyme) ^jJLo ^Jb j 4 Jl jJl ^ yy ^ s ^i oL>L5 4 
6*1 J 4LsAjI 4 ^lL*Jl 1 Jla ^laT..«jj . ^ ^(Dtnims) L aJI jLkj ai jjP Jg->b 

4 e- I Jla J y>- oL> J jJLI! { jjuuj A-jjj*Jl Al^ y j)a*M jS/ AjJLaJI jU^/I 4_jLl5 

4 j j.wiil d..^ j -4 Jl5SM Jp 4jJLp Jp <1)15 U-5 . (v> (01ympiodore) jjjj-JLjt ^JL5 
Jjln>a oJL5 4 1 jd>-l j . ^ \l£*Jl I — yr ^c— j J L I j a — S i w ill ^xj — J b>- JLa.pL 


LIS’ L^l c^liJl jJLil ^ J^-I Jj lij ^ tk-i Jl*pl i-Jp (0 

oVl jJLb V ln5J .^jJSy p Jl ^IXjuVI oL>jJ < 5 -i^t Jpj 4^-UiJ jJSL* Jp Oy^-lk* 
^ill oJLa i _^>-j <J Ll> Jjlj . OjjJl Jl j^JLk J| ill J»liil J) y* J^JLjj 

Roshdi Rashed, : j-kll . ^bJl j jJLlI ^ ^jJl 4 L- — J l yAz* ^ j J-f— ^ 

Dioptrique et geometrie au X* siecle: Ibn Sahl, al-Quhl et Ibn al-Haytham (Paris: Les Belles lettres, 
1991). 

Roshdi Rashed, Diodes, Anthemius de Tralles, : Jill 4 0 ^>dl LI Jl y JUpS/I #JLa J y- ( 0 ) 
Didyme, et ai: Sur les miroirs ar dents, collection G. Bude (sous presse). 
tjLjJLJl 4 jjJaJl y~£-\ y uy ~ ^1 ' y y^ a ^^ iJl J»jl (1) 

‘(^^"1^ 1 [ . j . i] IS ykliJl) (JjJu jj* j}\ JL-p a jJJi 4 Meteorologiques ^-J LL jk-»jl 4->U5 ^y,y^ 
Aristoteles, The Arabic Version of Aristotle’s Meteorology , : JaJl 4 <j ^jJ| IJL 4 J ^ y~\ cULJLla 

english translation by C. Petraitis, a critical edition with an introduction and greek - arabic 
glossaries, universite Saint Joseph, institut de lettres orientals de Beyrouth, recherches, serie 1: 
Pensee arabe et musulmane; t. 39 (Beyrouth: Dar El-Machreq, 1967). 

‘Abd al- Rahman Badawl, Commentaires sur Aristote :y 4 ( _ r ~>.>jjVl I y»S Jill (V) 

perdus en grec et autres epitres, institut de lettres orientales de Beyrouth, recherches, t. 1, nouv. 
serie langue arabe et pensee islamique (Beyrouth: Dar El-Machreq, 1968), pp. 26 et sqq., 

. U.Uj L* j \ £ £ ^ jj* j~lJ i jot Jiilj 

Hunayn Ibn-Ishaq, Kitab al-’ashar maqalat fi al-’ayn al-mansub li-Hunayn Ibn : j 1 a 11 (A) 

Ishaq: The Book of the Ten Treatises on the Eye, Ascribed to Hunain Ibn Ishaq (809-877 A.D.), 

AY a 



^jJl ciUiS^ jjJl ^Jp > <_£ >-l j* ^JIaJ 4jL*bLaJl oliJjjo o Ju 

. (,) jl/Vl ^j/i\ j-^l 

oLLjLAb/L UslJ jA kjj . /a J l j^ali 1 4^ J> £ii£U iS’ jJ-1 o-L^J ^jljJl ^ 

. 4-JL^il oLa^JalJL Ls^jI Jj 4 jJJi jj^alt jl J jL>- t JaJh 4.A.-lflll j 4^<JL*J| 

Ji jtS" *LoJL*Jl ejj-P L» > *1 eLiiiLl JiiU 

♦ 4Jj->*il LI ^il j-A ^*^LmJ| ciLlSj 4 j-4 (Jj la . J j-Q-Aj ^S\J JLo^jl OJL>wL^I 

. ^ } ^JLjj *1 j^S/I *b/ J -a <— >L>*pI o jLI cJjl^ Ujb ^Llmj ^l^xlb/l clo^Jl jlSj 
j j .ya al l ^ Ia.^.J| ^>1 JJii 4 ^J-L» JL>- Lj^j jl oLa-Jaill j\P jJl Jla jl JJ 

/"Vdl 

flJL^J oj^Liua 4 ti j£'$ U-S' 4 c^JLS* 4jjS/l 4-_jj-*-ll oLLl^JL jb/l j-S'JLJj 

> j j-^-L J*i <>j>- j ij-jJI 4».Jaj jLcJ <JL®pI LIjJI c^iS' JJai . oL^jill 

^ ^UJl j jill Jl jy*Jl Jj->- oLll^Jl c-i-A Jjl yj .^tldl ^JLp J <Jii J 

lijj ^ Ua..,».»j ^jj jvl>- £4 <UpL>*jj 4 4 jj*»L« ^jjl £4 oLljSJl oJLa C-a -**» jj Jjj 

• Jjll I j-LLil ^Jp ^5 AjJaJl 4 *^jJlI 1 oJlA 4jd^L«*4 Ll>-b/ ^ . 0 Jf C*»> L J 

. jJ^Lil ^-LJ tj >S/I Jj-^aill jb/l >> 

^Lli pJp ^ 4^J>»JI 4-~uij j-sAjJI ^ Lilp jlilp jli 4 ^IjpJl jw J^ill 4 t ^ > - 

4 ■>,/? ./? 5 ^ 4 oJLw>- J 4JLL4 Jj Vl Jl Jli J . <_£ JlISsJI jjlj lijj J-| l la ... » Lo^j 

^->- ^Ilj JjIp Jl> jL^j yj j^S/ 1 'Vj 4 4ijj>«il LI ^*_U 

Jti aJLaII dJLA oLLS^ jjj . p-jJuJl ^1 j«J^L«Jl j jJSJ I ^^*1 4-J| jLil L 4 i^+***>- j j -^-JLll 

Jp ol ^1 4 ^*ij j^jaJj^JJ ji>-I 4JLL4 LJl cJLp J jp- ^ 4 LJl jl l^u 4 OJjfj 

edited and translated by Max Meyerhof (Cairo: Government Press, 1928), and Max Meyerhof et 
Paul Sbath, eds., Le Livre des questions sur Vail de Honain Ibn Ishaq (Le Caire: Imprimerie de 
l’institut fran^ais d’archeologie orientale, 1938). 

Helmut Gatje, Die Arabische Ubersetzung der Schrift des Alexander von : j— la jl (*0 

Aphrodisias iiber die Farbe (Gottingen: [n. pb.], 1967). 

Samir Khalil, «Une correspondance islamo-chretienne : J> 1 jj Uo-J iJL*l y JO>\ ( \ * ) 
entre Ibn al-Munajjim, Hunayn Ibn Ishaq et Qusta Ibn Luqa,» dans: F. GrafFin, Pajtrologia 
Orientals (Belgique: Brepols, 1981), vol. 40, fasc. 4, 185, p. 156. 

I4JI Ji jtfj i >ld I o^LPl ^ LIJI ^ L* JU ^ clijJ jA ^U- (\\) 

. At Y _ ATT S >11 J^P ^ill r ^:»ll iiJLU 4 ^U)l ^.bU 

.( 0 ) pjj v-Jlljll juJLil* Jail ( \Y) 

An 



. j y* La jjfi 

djLUj^o Aj^Ljj j-UUll pJU- oLLlj^a Aajj! (^dJL^Jl ^-^<L Ja-J jj j 

1-La j jJ^Lll ^Ip ^ fj j>\ aj^jj tlfSlJtJl J jbj A3 j>JlI LI Jl ^JLu 

V LbJ . ^ A-J>-lj3 jl 3 jjf *L*A>-\ JLla Jjh ! 3 I JL*_iJI 

JjVl APj-*->JlI {y* J-j ^ A>I jJ* pJLxj La JSj . JjL-jJl iJlA AdJjJl AjL>-VI L ~ J 
(jl y^ y^d ^ J^ldl ^1 p ^3 J->"1 A j ^j!>UI a^* j^\ ^ y* 

j a I a! i ( ' n) [Z>e aspectibus > aJI J * j] Liber de causis diver sitatum aspectus 

I _y>-\ J • ^ ^ A3 yjj LI jil ^JUj JL>-1 j ^^4 c-ijj-a <_£ LJl J-sAj ^1 AjL aJIi3| a P j^->Jl 
4 LS^J ^ LL-wJi £4 JL^JLI LJ^3 4 j-al {jA ( j£> . AlJLtJl AP {jA jlaJj^a Ul*A J 

. 1 — > yJl JCp (5 ^saJI ^>*3 £jj> £• Vj 


i^jyJI >(dl J* oUIju :Vj 
c IS ^1 


j j-o^sAje ^ JiSfl Jp a-J^ JJL Jl aJUaVL jJ^wULjI jJttLa J Au^xJl A^*jJl jl 

cJIjla! j ^ilj3 tji^lS aJLJlp LLl^J l A-Ua-La jL^-Jx 4 ^ ^pjll v— j L5 

• I ^LOx^Alil L y >m J (jy~>>*^-ll L^3 ^ j£ 3 Jb Jb>- (jL*pIj dJb JL>- lZjL l ^- L j Jllg3 \ A 
^3 lIjIj J>-1 lL>^Lj oJLA A^jJjVl A^jjdl Jl C.«. tf « .^>1 . ^j-*<-L13| jJ^LwI ^3 Jgl A lii 

4 L^-%J ^ J * J-bo ^lll 4 j J A->» J-La ! {j*J ^-<LJl j yd\ 

Lo— V j Aj3_^x jLi_ll A^xjJLa j 4 A3 j_>xll LjI jlL» I J—»JLaI ^v^jJLil jA.* I A^xjJL4 j 

. ^LJl j jjsJl pL^JLJ J jVl gy j-ill ^L-xl ^3 aJla j^Uail aj^jlmJ jJlJj . ^ JIL jL.,*<jl 

. ji^bil 1 — >L5 Jba>dL jJJl IJl^J a^*j jJI jJaJ-| jl>- 1 jl Vl 


. « >ldl ei!^l ^ ^^11 U Jl J y>j^ L JU v^bS'i Jjfc 3_^0ll (\r) 
Muhammad Ibn Ishaq Ibn al-Nadim, Kitab al-Fihrist, mit Anmerkungcn hrsg. von ( \ O 
Gustav Fliigel; nach dessen Tode von Johannes Roediger und August Mueller, 2 vols. (Leipzig: 
F. C. W. Vogel, 1871-1872); traduction anglaise par: Bayard Dodge, ed. and tr., The Fihrist of al- 
Nadim: A Tenth-Century Survey of Muslim Culture , Columbia Records of Civilization, Sources 
and Studies; no. 83, 2 vols. (New York: Columbia University Press, 1970), pp. 317 - 318 and 320. 

. ^-lJI ^1 Ulkpl j}\ ^lull JiU ( ^ 0 ) 

Axel Anthon Bjombo and Seb Vogl, «A1-Kindi, Tideus und Pseudo-Euclid: : j k :1 ( M) 

Drei Optische Werke,» Abhandlungen zur Geschichte der Mathematischen Wissenschaften, Bd. 26, 
no. 3 (1912), pp. 3-41. 

. ( T • £ A c JL>»j _ b f>- c^i 4 <le» jJo p) olpLutJl \ Jail ( \ V) 


AYV 



Ua— $ <-->ll5 tULLx U ^5S L>5 4 jA ^jjJ! jkLil |J-P ^ J5ljl Jo] <1)1 - ^ 

li^J IS jJ ^1 ^Jaju 1-La ^ . (NA) JJ ^ja JJj£ ^1 ^JJI j \JjJo cJJLi£1I ISjJ jjI 

. ^JLJl I Ja A-l5L^J A^j-^Aa ll. J a.wj j 4 AiJlA $J^j La— J ^JLwJl 

ftjJaliil v-i^i>-l ^Jp® L^j 4 ^-LwJl 1 -La ^Jp aJV jlU <1)1 ^~-*j iljLiu J-wjjJLj 
^ jUa-w)) ^ ,--*.- 1 1 La-$«JH 1 & -. /a .a c Lm^jI ^juSCJI l> jlii-1 olJJLil <1)1 ^-jwJl La^j . fld>lpL*-lJl 
duU 4 -JLi jJ IjjJLa AjpI y Ll- J 1*5 ^^^bJl <1) jJtll ^S jJl <1)15 lJt5U . koLpLw-JLJI 

4l-PxJl <1)| . AjI— -*> lj jJaLil cAVl>-Vl iJlA pJLwJl ULa AjLwJI Lai . ji 

. ^ J*}\ {jA JLxjI <--jUjUU (_£JL^Jl ^ *>LsA3 IS jJ ^jjl ^S-Jb ^L-aSfl a -L a ^ 

|%Jp L-LSs-A 1 -LSLa j . AjJ jJl L>- jJjjj*3 £a Ajj ^11 A— xJllA ^ yj> yi (1)1JUaSj L*^3 

^J-*Jl a-S ii ^i-il L« a-JLa j-Jl ^ jJ-wJl >-l j® ! Lf) IS jJ ^jjl 4_i ygj ^ o*L>- L*5 jJSLil 
p-L*Jl jj-a Jo\jj ( ^— jL-I iiljbVl ^ *-■< la 11 i+JLaJI ^jA -L>-L Aj*V jJLI^JI pJLwJl j ^ a . . ia ll 
{jA VL*5j ll— j>- ji5! jllpll-jaJl <1 )L>La Al« £*1^- ll— — i Jls>-T ^Ij A-Ja jJaiM <j\Al 

. (Y °«U JL1 ^ LsUu I 41 . <jl5 La U-^ V olpuijl ^Jp 

^ y^5t a—jh^JL oLj-saJI V 4 IS jJ j-)l J1 a^-jJL aJLS 4 ISI U5Laj 

I jJaj P-laJ— aJIj 4— >JlL^J| ^-LJb c-«-^ dJUS (>• Ja. Jj ‘L,- jUtLi-l 

^ ^ajuiil c-o j*a ^jp jl51i)!j 1-La IS jJ <— k& ja dUJjj . iSj^* 

VI j j-J ji Aj jialJl aJL^3 4 oJb Jb>- AjjJaJ 1-Lft ^-^1 jJl IS jJ ^jjl <— 43 ja jLlpl V 

. ^1 £%*9\ £A Ua-V 

Ajj j£3\j A>fla...,ll Ll ^il ^P ^I^juVI A— -lj^ J-A U jj k— »L5U ( J-— jjJl «— 3-ljJl <1)1 

aTjil f\^ A-—JL ^5 ^ll jL| Lc-j A-j jil J J -ja.il ^alj<ij 4 AjJ-axil J L^la a ^wjlil 

^ !ju 4 A — >»1 jJlJl a-Lj- j-*lJl Jk-^j 4 LS jJ ^1 • ^«Jl • • • LflP 0 -Lw-Jj 

. Aj^.ja ; ll ^jllJl j-5-ilj Ajj jJJ 

<1)jSL <1)1 J^3 . Lua jlJL^j ^^JuLsl jJLjOa jS Aj j^Jl ^ A-A-La <1)| 

aJLp wJj Lk_j 4 ~L$Jip ^Jl jJl ^1 -w-JLIL j+a -i» ol j-sA-ll ^Jp <1a-*J 1 ^j- 4 d- dj ^ L wJLj 
. ((<1)L— jVl Oj«sAL-j ^1 ^ js<a.Jl ^UjJl aJp ^j ^1 L#j <l)LoVl 6 j^a-j \£ j *& Jl ^Lx-iJl 

* jJSLil® ^JLwJ vlJLiJl JljJL>«jJ1 ( jaij J l o-La LS jJ Jl jSl ^ ^yj>y> <— j j-^-ilj 

Olk-t ’*\*^) >Lil ci^l^^^JilU^l^^yuLa JIp^yliT ilijl ^ IkJI (U) 

.(r^Y t-LgJLa Ji 

A3j-lLl AjdjJl ^ kJL-jlj .' jiajl . a ji (Jjl aJoA^- (^AJil <l)ljlP ^SIjJl ^ Aj| ( ^ ^) 

.(*V^AA Ckllila iL^kst) ^jIaJI 

. J Y aSjjJI 14JJ jJuJlI (to 

, J t .-“r jkijjJI (T\) 


AYA 



: JlSjl ip li jJ J . ajJu lijb J5Li JbJli l ^ t jj . ^aji^l 

5 j-^LJl jyJl Jj o » a > t t ««» 4 Jaj ^ J5LS ® jj-p ^ OyJl {£ j -p-JI 

j-saJI aSj J ^LuJLJI J 9j j>«il s Jp li aJp d—*3_5 Lj I^JLp ^ill <jij1 j^xA\ Jj ajJlpISj 

.LdJLi J A Jl .Uj J>* il 1 JPj 4 j-sAjJl A-w-L>- aSj JJ (_£ j-sA-Jl ^IxJtJl aJIp Lj 

^yL^\ ^y» <1)LJL^ 1-^- Ja^ aj_jI j aJj ^-L- jp! Jp ® j-s^Ul OyJl 

^■jan.ll Ju>-|jJl p-^^jJl i$ ji d\ aJLp <jJJi jSl olj-sAjil Jj AjjIjJI lLUj j 4 Ja j jiJJ 

£-pl jJl . T *! jJw? J-*Jl L-JaP ^ 4 ^-aJI ^jP J-*JJ Ajjj ^ 

^ JjVi oojSn ol jujl>kJl)I ^ AiwLdl ^JLiil jl£il , u^j ^i oi ii* 

j-A-Jl I j-A M l ^ ^>- A^J^jjL- ^^^-1 j-«pl.-P 1»^J| *■" A. «i/3 < > Al^J J ^J^LLl 

J1 *1 ^ <jyJl ^ O^r*^ (il Cr* L /i\ aJL~DI £J jjl 4l^j 

. ^ ^ j.^a Jl a—L- aiSj^I ^L-iJl dDS aJLp Li jLJ^U j .Allis' <l)j£J ol j .,<? .1 1 

4 L^ AxJiS/ 1 ^ (jjp jj JL>-I aJaj Jj Nl oLj J l JjJj V 45 j « p « N ^ L « *H 1-L <1)1 ^ l 
y3i M u^L-JJl jjI* -U-lj JS'j .(ijLlI ^L-iJl 4li^J Uij 

. ^ ^^((A-ij Aj 'bll J+A Jl <l)j^i V *L-P f-l ^Jl ^ 

^ Sp-La^/I j *\ I jj-Aj Ly L»Lp li^i ^jj| 

J^u-I ^ LajI IpjLcLw-I L j^JUJI ajjLi^»I <1)1 j-A-jj 

oLt ^ j-saJI ^L— iJl <1)1 kl^Ltj 1 4_-PJiil ^>«P ^1 4 ^^ajJl 

■ C J -^ cK* (>* ‘ ^ £• l ^ ij^Jl jl Oy 

li jJ ^jjl |»P <1)1 JL>«-> 4A^l^JO S yij Aj j-sA-Jl L-ljjJl (^1 IjJiP li^i 
Jj 4 aJp 1 j-a3 c.^.^1 aJjLJl! ©ip ^ oL L ^ ^JlJjI <>• J& L apIw > j 41jLj| ^ 

aIjLaJI ^kwLJ L sl A^^JLwt Q»«.tj <1)1 »Aaj 1»L^Aj . Ip ^ j a .»oi j-^l LajI J j>P \ZJjj* 

(^iJl ^ ^aJI ^LLtJl Llj j L.J ajiJj^ (Jl^JiL aS'Ij^I ^1 <l)t> 

aiL^jj . ^^I^ajVI <*L>«Jl ^1 ^y-ii-l apj jJL« Jl (JjJaij al^j 4 ^ ^uyJl fll y atU.^Ijj 

! Jllll JSLJI Jp AlP j-^J (^iJl 4 I <1) 4 6 Jj JjLi^ ^ 4 L-J jJl 

^jiplj ajjLjl# LIjj Jp ai« ^-^«j1 4 ^Lis^ L j>- lil ^LJi Jj ^ j-aJI ^L-JiJU 

AjjLw# JasaJI ^ jJ-1 J| 4.1*lil ^LJL I I Lj. ^^lll AjjljJl <1) ^5sj <1)1 4AjjL«1o IjIjj J jA> 

o' 9 j^i • ^ J ^a . a H ^ ji"l J^a.aH q & ^1 *■«■!! Lj- U«^ ^^ill ajjIjJU 


. J t OJ^I c<^ jJLsoil (\Y) 

.a-u; jjlaIi (rr) 
. 4 i; (to 

4A-A jJLaII (to) 

. J T ii j ^Jl 4 4 aj jA ,/i\] ( T *\ ) 


AY^ 



* .i J lj k-sL-Jl Ot 4 ^LsAjI Oj 3 4 OjiLaJl IJLfi 4a. . la " »lljl 4 U jJ 

<~xLxl klaill LojI lilj . si jll (_£ jL~j» ^Jp \ JL>-lj j-U^a ObJL ^j-^klll 

^1 LjljJL <xUi*1 015 : JU1 JiL*JI Jp Uojl>j IL^S ^ISLoVl li^J ^1 ^ 

cOJtaAj 4 l*AP Sjj ./3 I ^IaJLaI p -■i.^'L | {§> 

. JJ (^^va-Jl ^^ill 

cJj^j 01 Jb ® <JLL«fl ^ja TA jiiVl Jli* Jl>-Ij 4 4>««^ 

<_jk*j ?4iL-*4 4 j! ^|pj 6 j^UaJl a -L a fcJL-t JL^- LI 4 jJ ^ j 4 LI ^il ^auu 4>- jJl 4 jjj ^Jp 

Oj^jj 2 jxjl* 4jj ^5 oljil 0 ^iJl SJl^-l ^3 Jj L -j J l I -La ^1 jJL-l L5 jJ ^jl 

Ula ^ ^aJI ^ cUJLI ^U-Jj|» ol jjb dJUi ^ 4- rr Jl j . 2 j£i\ £ y> jkUl 

. <TV) «A:li J* ( _ r £<c i ^j>jJI 

jJw^l -AJ5 Lx ji j+zjuj . o j.*.aj» <jj j5 oT ja li ^J ^jj| Jl>-L 4 ( jJ> I jii'yi IJla OLa jJ 
^x . Ocr*^^ y* 2 j^Jl j5 Z£ 0^^ * ® ^k*x jj«^ 2 J>\$ k-A*gj ^ja 

^JoJl) a~Ju ^Jp % JL.ll ULa ot j EBj AE Lull ^ j-^lJI ^LcJLJI 

.(O - ^) pij JSCJLlI 



O- JSLtJ! 


.E LkaJl ^ LS^UaJl | *— 

^ ^ ill ajuJI AJ5 SI ^11 Jl 

4 ED 4 EC : 4 » . S : . A\ ^Uil 
^JpUI 6 jUh 4 EG! 

£A ^lj J5 4 4 jjL-JL- 

• i ■■■««*■ I. ^ (j\-ljjlj 2 jJljJl Ja^3^ 


JL5 j» : SJLU aJu ^ UjJ jxl 4^^!^ 
^j_p ^L*_JLJl 01 L^-> Ll5 


4^jL^. LI Jj Jp 41.2.^11 f l ^Sll 

4 —>- _j*> 4 i _-A Jo jJaJ*- Ll*A jJ LLi 


015 C * > T L fl}\ si ^ll jPj ^L 5-P L j->- oLpL-5 4c--»-A 4 ^ _A 4 j _A 4 ^ _A 

iki; Jp cr SjCS 4 LI 4^^ .Ifli Jp oil ^ 4 4 jjL*JLx Lljj Jp eLl UjUJ 

. ^ TA ^«jb Ska) ^p * c5 *i cp I si ^4 ^ *>L —A Skai SJ^Ij 


^jlJLS)/ 4JI ^ j_p^il c->L5L Vl oLa ^ ^ Lla li ^J j-jI ^1 

4_>Li5 ^xJlJOI Lo.5j 4 LS jJ j^jI ol k^-^L L« 5 * 4 4 j^-*IjLIj (0^^^ 


Ar* 


> J \r Zjjh ^jlal LI (TV) 
oj^Jl 44 ^ jXkil (TA) 



<1)1 Ij^^l j y*** • J^Lill <j±*- (^| 4*«*»jJL o I > a^AjS" ** ^j^p^II 

^ji^l ljL^I^jL ( -11 ^u^l j^jVI Jl aaL^^IL c 4 jl>iIj^ (J^i^ jIajl^I La 
( jviJjil jl LjlpLS J»SJj IjT ( jJLp jUlj jJLp (^H-Ij £_>LJl 4 -naLijj 4 4 ... <ai 

. ^ \_Al3l lift ( j^l jJ (_$ ^>-1 jl 4JL>U 1 j3 Jp Jli i^-> jjJl 

ji^ Jij . jft. " ... il fr l l jj-^l^xlMlj >111 >*■ jLLl Ls*hi > (J^ <J| - ^ 

* 

^jJLSl >*>- j • 4~>-i j-*J 4 -JLp- JlSwj (iJJJb jjfcj t jjL ^->- jJU»S lij jjt* IS jJ 
^j-4 LsAjI 4-®JI*j L«J 4 j*J>-Sl I lift jJ^Lu ^j-4 4lafl>- £>1*1 La 4-i Jj> LllS ^_aJ|j jj+&“ 

i jVl >x£ ^ ^ 111 j^Uall jl>-I Jills' L-jjj & ^LSbJ^/l ^IiS ol> jJ lS-^1 
Jp JftftA ^1 Ia^J ^1 jJ** J[ 

JbJL>- <J->«_> t j - ^ 4 J^JLj 1 j-lL Jl* * ^-LIa^/ JIa^/ 

^jlLa! 4->- j«U La O-Jl U.S oj jU ^jlLs^I iw^ftlil ( j-^s^- j c aJLmII LI > JL£ ^3 

4_pjjJl ol^i . 3JL>JJ 4j 43^* V L5 jJ ^1 ^jLl> £>IjJ jl . LjLv^S 

L^jLtpj^ 4 j \/X * ll oj-w* l"} J> 4 jJpLAI pJLp Jp ^^3 4 4»*aLL| Aj t— « ... ^ 1 a J—P 

LI ^1L jL*ll J*i . ^jJl ^ LaI- 1 JlL oljULl j-uj Luj J 

<Lp>I oJLa jli 4 JL>- J S ( J -pj . LLLm- aL jj! tfUl 4 j- 4 ^^ ^! j^ll 

4 ^ ^-Mill jt ^yt-JLaJl ajl>«-i} ^ jl <■ LJli j~~ JL! 4 15 4 (JJJL^ll C% o : ^^Jl ^^ft 
p-JL*j { jJ> j£> 4-> *^a » JLl^ll J Jli J . ^ ^43 j->«ll LI jil ^JU: ^}\ <JUpi ^3 (jf\ 

^Jj Ji5 j . O^^jjl ^jlll ^Ua>-Sfl J 4 4 j Ijljb L jjjJaJj 4 ^j-JlJLil 1ft ^ ^LftJLill 

I.jljl^jj . LJl “>L^ j ^jDJIj ^ju^JI J.15L1I jLLLaj ^lill ^jxll^il ^^5 aJLc- jj jl^j 1 ^ a 

LI ^11 ^ aj\sS ^ jju~+j Liber de causis diversitatum aspectus dlj^JLl Jc^-4 

.^LjJJI >111 ^ JiS J! SjLi>l >40^11 

«xaa . b jJ ^jI otj j-L-> i^ j I^I (— «<* U-L «» ^ ^jl^JI ^I^I 

LJ j-saJI oulbU ^. : .S:»AI jIJjLVI ^LjV De aspectibus jj» JjS/1 ^jJI ( yi^a^ 
f jj* oli j_>do jJUJb L*-m jj» 4c-JjHll j*S> a j^aJ\ jj jj» j J^LlaJl ^jS- i^JLJft olj j *,a~ 

/ r '^jJl^L-Vl j j-1 (Recension) ^^11 ^LS icb- 

^>"lj j-LsaII jLS IS| 4jI 4jLS ^j-a JjS/l ^«aI j^JaVI ^3 ^-Ll^Jl ^j-ftj-^ J 

YT > f ^> ^jULV ^ISLJVI ^ V ^LriVl U > ^1 f j^- 4^1 > (YA) 

.r* ^i>vi ^ Hj ^^ 

«A1-Kindl,» in: Dictionary of Scientific Biography, 18 vols. (New York: Scribner, jJa.il (V • ) 
1970-1990), vol. 15, pp. 261-266. 

Bjombo and Vogl, : ^ t ol »jj-i jLil Jp ^j-l 5L-V1 jjJ jjb J^»- (T Y ) 

«A1- Kindi, Tideus und Pseudo-Euclid: Drei Optische Werke,» pp. 3-41. 



US' cLil JJaJl JjJULp c d jJajiJl j j$ jJLaLI IJLa aIxwJ jj *Uail 

♦ rf j la fl ) 1 a jJU <L)j-^-j ii j J-JLil jj^J.1 {£$ J-*-** ^J-P <1)T 

jJL^il jli 4d >JJI ^ ^illl JJLUj ,Uil I^>JJ jir ISt c^^SUJLj J 

" ‘ „ 

.d jJoaJI ^.■ fl’ . t j 4UjjS JljJUp ^yj-jaJl 

^Jai J-* j-*t lA*-^ 1 j-Uail jjai (JlS' IS! <jt ^JLSCJl jUJl ^1 j^M ^ 

jj-£ <J-P (jpj-*-P (J^ JJaJlj tUJ*jj-£ (J^l * *U<all 

j-13^1 UL^-^J |»J . p-l-ygll p. .» ^-1 j]aA ^a y*-*p\ jia . JL a jjU JlL*j Jej j->JlI 

4 *U<ail jJaS jJwal ^yj-MaJl jJUall jJaS L$-J j j£j i yb\ aJU-I jJfcj 4 4^Jllll 

0 j (_J^ \S^y^ ^JJaJI Ut ^ -Jaj <J j^j .is . .up 

^JUlSUJ Aj^JLII oUI ^ liVl aJLft jj . e-Ljill ^ ...4-1 ^laJ {j* j£\ jJoJ oIS a y\$ 

• i^Jllwill jLxmiJ^! I ^jA^yxJ 

. ^*Ja3 JlSLLj a^mjL) TjlAI 0 L 7 A -/> */*.< (_£j^-t oL^I^Iil Aj^\j 4^JL^il l_x. ./in 
J5 wj IjJLsAa jl) ED Lj j-/? IjJUa* JL>-Ij ^yal^Vl ^ 4 I jSlfcj 

jli JJJllP iBG jj* JJflJl jlS ISl Ait JlSjJj . AB U^. St.-.* *Ux* U—*i>- .i^-Lj (Z) aUx 
Gj Aj D J^l iliJI j! aUUII aJijfc £^j 4 BG/BA = EG/DE :J^ ^^>J| 

. ((T _ \ ^\) j J^-llI ^laul) UUl^*l 




(Y_ \\) fij J5L±JI 

. JJ AB ^xoll DG jdajaj JlSJLLp ULaI^I JaLiJl aAA ^ ISI 4^-0^ 

. BG/BU = EG/DE : J* J-^ij c GED j G?5t7 ol±ll b j&j 

. ^adLl «^JUS LtJJj 4 BU — BA jjp Aj jLa^jj 

4 <JL- * t )J K «/> 4 aJx^jI g»l ./a 4 LuLj (_^JLL^Jl jl>-L ^^1 jZL& Vl ^3 

. P- j-sAJL) jLlliVl 4 4-^1 11 a ajj-/* ^ li*>Uail 

^JJLa t jJLj A>t l-i-Aj ^ j3 LsA 4 Ajc*it (l)t llA Ja>-^il {jA 

A^^JL j ^ - ll ^U-JLU aAjIjT AxJliSfl aJLft (jl 4 Aaj JL iil jj-sAxll C 5 ^J^“ lj - * aJU*! 

Art 



. oLj-^aJl jA <JLt Jl 1L jl jLlllVl JJ 


, 4 jjJaJ Jl ^Tji Q ^ ^ jl J L l J V I 0 *LjI (jJLiJl jl Laj 

^i t a^j JJLil j j. ya . n.11 jjL« iijjxil a-m*j5jJ| (wJbljllj j^SjLJL ljUj . ^ Ajj jJl 

^lill JL^> S-bJb>- L>«-«- UjlL« IJla ojLi>-I jj-jj .(remission) ci-Jl (w^aJi* ajL$jJ! 
JlLp yb Li* c (l’intromission des formes) Jl£J**)/l JL>ol <^aJIa JLp 4-s^Uoj 4<ujJUiJl 
. jjJs^Lsl jllp ySi\ jji L ^5 JLSLibLl Jl^oVI — cL^Jl ^ajl« >l+p j jwL>^Jl ^jojJLJl 
jj£> oLiSGl <_$! 4 JlSliVl Jl>ol < wJfcJLa jjjj ^Jl aJL>o*aI jUh ^ Jl I j*p - 1 aJuD 

( ^A Afcj jA U jl Ijj 4 Ijb J^L*P |^J Jui>«jJ AmLjLjsJI 

OjJb jli 4 L £JUl£J| JjJL 4 L>ww>v-*^’ Jl^-iVl Jl^ol i^^-A-La jLS lilj . (_^3L*Jl a 11 


J . j^P J-«I I Ji-A J 4 jA jj JLlP j j^*Jl (_£ j O— * 

oLw~^>«jl)1 ^jJa-A-t aJp J_>- Jlj jl JL*.) Vl do-^-L I ^jJLiV I 4 ^-aJLLI J-jjj V aJLs 4dUi 
Lft-J'l Ltlj^A 4 ^JlJLil La cJ^L>fcJj 4d3Lilp| ^^3 4 AjJ jjl is J . AjjJ-l 

. aJLs^I yd* Aa*£*1 a)cS ^jA Jj 4 aJL, AJCj» 


* L$JLp J^j jJ L jZi\ S j£A\ ^A ^Jl ^Jl ^jA li-A 4-~aM jt V} 

jl f J+A II A*~s~ i ( jxSii\ iSy ^l jljP J*i . ^UjJl S ^£i 
A^jVj ^L«*s>-Vl UjJ jj O Ip L J a ) I Jj 4 A^JLJb aJLLP' AjoiSlli S ^IaJLU 

^-JL| jjb ^Ln.JLll ^ji^JI aj5^i L* jl ^L»uVl 

Lf*JL4 ^iJl 0*1 ^JcJl j v^» ll |t^*l (^L*-Jtj| (^1) A ^ l JI JLaJ 4 AjLi^i 

j . ^IaJLJI jLiijj 4juuiif 4^jtill aJ ^ij L*J ^jLJI jU .^till I -La ^L^S/I 
V ^LicJLlI jli . <jP j&J j-k ! 3 L«j1 aj^L» ji |»^^ > ~ j-A ^ulill ^ JJl j»-^J“l 

. ^ ^oU*J L^Lj jj^o Ji 4 a“.,.^ li» Jla>- ^_p> 

jl 4 j-fi t AJli JL>- ^ -jLJ j-a ^l n-JL l I ^ j ^ al ^JU^Jl J-aJ jl 

* ^.^Jl J-sAJjJl ^A_J . Jlaj L^w> 3 pJL^Jl ^1 AmwxL^I o 4^->-U 

iilj^Vl i«i^li>-l j— —4 j jl LmojI ^ju^JI Jp <j^ • d jLJt*i#l ^-LjI a^JL«j (^JUl |»..a"^ll 

L*-a jl y ^+JL . a iwAJ j a ) 3 j jLl j viUJbj . AjjJLl>til is j j^JlI jJsLli l *■<-) 

# 

• dt*J' O* iP i3* 1 o*J r^*iJ 


David C. Lindberg, «Al-kindi’s Critique of Euclid’s Theory of Vision, » Isis, : j U )l (TT ) 

vol. 62, no. 214 (December 1971), pp. 469-489, reprinted in: David C. Lindberg, Theories of 
Vision from al- Kindi to Kepler (Chicago, 111.: University of Chicago Press, 1976), vol. 2, pp. 18-32. 

.(^>1) .0^0 (rr) 

Bjombo and Vogl, «A1-Kindi, Tideus und Pseudo-Euclid: Drei Optische : j la }| (V £ ) 

Werke,» Liber de cans is..., proposition 11. 

Roshdi Rashed [et al.], VCEuvre optique d’al-Kindi (Leiden: sous presse). 

Atr 


: LajI ^laj) 



dJUJl j£)l\ c^JLH 4 p JfcJJ jLijJVl <jl JUo li£ftj 

IjI^I! Jl $ J*J ^ 4-aJL Jpl jl JL *JJ colfct^Ml JS’ ^ <bl ^j-Aj-J 

c ^ i-^i *■> {j* j^ol^ji { j^ ijju'yi ^jA Ls^Utui j^s<aJij 

i j^jrL • ^LicJLll ^4j JaSLJl ^LicJLlI ^ k jjLJl ^LlaJoJ ^ oT ^11 Jp pkLJl b-^JSL 

i £- * * *-L j-^3 ■ ^ ^ij^iJ J* 4~mJllA iij jkj Ja.43 b jjLaJI iJlA (_£ JLX^Jl 

j->j si J p D aIsloj j->-L . AB J 4jjI j-* C/Z ip- jJj AB sTj^o t ijUJl 

. ((r . ^ 4) pjj JSbUl JU) tf ikiJl ^ t/Z ^kJL ^JJI GD 

JCJj L~1a UZ Jp ii*-b pj . I ikalll ^ 4.«la2j b £/Z Jp ioJLJj 

.AB J ojl^ BTZ, iJli i^jJ .T ^ L/b Lii jJJ! pj . IT = IH 
^ j 6il*XlA Jp jl B(7 Jp jJUa* ^2j V(J i <lLi-l fii-A ^ ^JL^Jl JJUIjj 

. DE ol^L ^w^Aill ^IaJlJI jl oLJl 


B DA 



(r - \\) pSj J5^JI 

jH*JizS UjLI A^jJi i^xj Jua ^3 Jl oLjMI# !-bt ^i! ji\ 

. Sju UJ <j ^ U5 pL^Jl jA l$J ^Jl J ^-aJSI jkL* J jjJ (recension) 

jl i>JL^ <U jZ "A jA Ul>-T ( j-JLp ^lill <jpl J^ill O^pvJl ^JL^Jl 
jr^Jkl Jp J> .^a^- sTjll {j* aLaj ijf ^ bi 

jJ| ojj^aJl j-a ^ ( j^i>ijCj . < ia2 , J l a -i-A 

. 4jj jJl AjjI j 0 ^^3 L jJ >\ jliVl ^ 4 J+U ^ULJl S j£j 

iljl d Zj . L r ^J J L^iJl aJUpI Jp ^jl^JI vr ^ ^ . r 

^L«l5^ Lb5^ L ya~jai£ aJLpkj 1Jl£La j . ^JLiJi jJaLil pip < jP ijjjjil ^-s^l^ll 

J Ml jkLil pip ^ ^jP ^ILp oL ^l «Jl<u £iS j>A \ LI j^JJ 

^Ij ^1 :L Aj 2L>t JU cJJMi > c!1a .ii^il U>1 ^ 

jy. s^kJI (Jl^l O^S Ltt .^ ^j^}y jkLil 5 y *&. A \ j . p - >^ Jl 

d\ Up-M (J c dLli ^jp M-ki j . LspLsaIp-I j-IjJ U ^ll oJLa cJl5 up i*->JJaJl 

JlsA3 jAj c I Jb JL^ j-ibdl (1) j-dJl ^ Ju J lp- ^)yai ^l JuJl>k 1JL Li ySC^t i^ljjJl 0 JLa 

. oljL-iLMl 


An 



aJUpI 4 - (ro) d^\ ^ jxjl, iju ^.usai ^ jjU ^ 

Jjl^j . <~Ju cJjJI ^3 p-+>u> Ljij *L_LJl £« ^ <■ L$ j^I i 

cLUj AjJI j AiJiaxS' ^J^S/I !Jl& Jl^L . Jl ^Jl ^ <L*»Ij 3 ^ L ^ail ^Jl JLx ^JjXll 
fij_A ^_A j_j_j jl <1 )j 3 ^-4 (jLajjJl J j la «*Sfl (j jj>\ jj J jJLj ^j-lJl SjjJa-wuVl 

(1 )j^ SJL>-I j aL D j^>o IpLui ^jJLp-j AjujI el ^y? J>-l D^“ <J^*i ^ ^ aJI-£L V ! 

^jk aJuIp Jp A^i! oi_A l±-\ JL3 j ?oT Jd J A la 3 ill ftJlA ^ Ail — L| aSJlj 3 JL 4 <1)1 

. (^>. ^j-4 AjjLtl* yS> Ual j^l jJip A— P* 

j-jJ . j£~ J^-i A^li A3 sT jA *LJLil jJft JjVl AjojS/I Cj Lpl v_ 3JLA d)| 

jJf j-4 LL!j_* IjL^p- JjSfl aj*>Ll!I oLpI j-iiMl ^ a_>L*JI aJL$J ^ jJU 

ol jj-^ d)j-^jj . S j_*jiil a jj j £. Jl LI jil pLJL>I aJLJI a_*_-»«J! oL*l jjiiVl 
^jiJl 6^5ljJl J?L2J Jp aJojL-JI aj*-JjSM aJI^.4 fjju^\ ^JLuj c j>*-> L*jL jj* 

ftjp ^yi . jj>A\ ftJ->-lj A lad t ^3 ^JllL A^mlSoCII A^-kiS/l <1)1 • *1^1 

j^®S/l . ft j^JL 1 (_£ j-^Jl ft jSlJllI Jl 4 aT Jd 3 Jl 3^ ^Jlll 4 AB jjjJl A^*jJ LcJ 

LJl>-I L J 4 a jS l a.*ja J Jp (.p^j CD olS 6j*jl* a jj j5^ al j-4 L .x>-i lil ajIS 
.(a » n) JSLSJI) CD il jlLa oli J\j* ftl^ll Jp 



(i - Jjj J5LUI 

^yLsLjJl jJiit) t-lfJ 4..-J A j*J fl jJLi ^Lwi oIpIaJLJI <• LlS* ! <]» jJ aP ^lajl (f d) 

.(jiUl 


Afd 



LajJsls i.. a . /a > jRj o j^Jl j^a E ^ L LaJ ^ jAj jjlj Jill eJLfc ^JL>-I F <j-^J 

i Jj L^S" Lj ^Jl ^JL^JI ^jlij b EC l a ■* ^ O j 

H 4JaJol)l r OjjljJl ^v^-a j 4 <daiJl ^3 Ja^L^Jl jl ^LcJLil <1)1 _ \ 

. r 0 J\j}\ A p_**> jJ La AlP otf H 4 la All I ^SJ) j . CD JJ> til ^j^a 

4j jtjJL JLJL ^J-LiCjj c F e jjljJU jil ^il >45 ^ jJLlL H 4ia.2 Jl ^p y» ^jJLo - T 

. a - AEB 

Oyr 

• a e [0,y] 5JU-I J OC ^1 H ikJiil p—y _ 

2 tt 

t L a jj>»J 4j>o 4 H 4laS;1l j j£j ol 6] — , t r[ <1 ) j^j L»jllp _ 

. CX <-A+p‘l ^Jp 

\ <1)1 oJL 4 J j ^ .»ij . AB ^ ji Jl o jj»J L> jlip LH 4$LJJ - 


LH = R sin — .\cotg a[ 


27T 


oIpUJLJI jLi 4 -^- (_$jL*-j (_£jL1Ij AB ^ jJLlL o^jl^ 0 ! ^il cJlS' ISI Ij^aj 
L«1 . OC ^Jaall ^Jp sT jil Jp ^I^LmJI 4 -m~**-JJI o1pLiJL.1I ^«JL 443 1 ^ilj <L~£Liill 

4-^-L {jAJ « O 4Jsul)l jl ^j3 1^-Li 4 C 4 la all 1 4iajL-Jl oIpL r .JL. 1 1 

JJ^IL 4— SLaaJLil oLpU-JLII jl Lo jl ISIj 4— < QTC AB < 7T jLS' ISI 4 (J J>\ 

o 

. C* aJoaJI LajS ' jA j^^j (o) 0 ^ J <JL«-rjo1 l-> 

^jA jLp- *lJLJ ^A j ! Jl ^lll 4 JL*— a Jl ol Jl oJLa 4— Jj.S Juu ^Jll^Jl 

jS jA ( 4,1a 3 1 ■ .. 1 1 4^.w^»..^i 1 1 1 ^w.n la « «««j 4 ^^L>P 1 4^>< ol^a 

ol ^il 4_j jl ^a 4-*-w^.»->t> j 1 4_r-JLS/1 Co L 5 lil 4j1 ^j-Aj^jj . oJL»^J 4ja Aj oL^L) 4 LjI^II 

* L a i Jl>- jJ 4 ol jA 0 jJLp ^1 4 mmJJL 4 1 ^ .*< j^^j iil^il jLi 4 4 j j-S"jll 

4j j « ^ 1 1 * ^Jlla^aj LiUl 0 jJLp ^HjVI LI ^11 (J,| 4^mJJL -Ltalj . R l ^ ^ . .. > 

(JjVl 4 la S *. 1 1 ( jP 4-dIl^ (_£ ji*“l 4 L 4 ) oIpLrJLJI jl 

* R o* H/J ^ 

Ji'jj 4J^1 ^ j^*l _^L 4Ja^>«il 0.^.1 1 LI ^ll 4 JI 4--«jJL ^JLi^Jl jl-Ajj jl 

. pL JiCJL IJ^j t LI ^il aJLJ 4w»LL>1 { j^a> jlA y j 

ol UUJI jJLS^I)) j ol jA O'LJLjI 4 jJLp jJl j^pl ^^3 4^JLiiCJl ^Ijl 

1 <» Lr.4 La jA 4 LrJL^ fjij^ j ^yjl ^ Lr.^a ^ li^Llojl 4 LUI Ij^aj . ^«^ij| 

oJLa oljpli h+A J ^ ilaiLJl V^JLlI 4 xJiSll j j£s dJLij t LjL>- ^^JLpj 4 *jj 1 IS 

J 4 L 4 JI oJlA iJL s^j . ^ j^Jl ,j-^ J 4 la Sill y>^i Lioui 4 LI oSj^-lil <wJl jJL| 

^^a c5 iJ «/ 4 L S: 11 jl La 'y 4^J j 4 j^>Jkl Jl 4 ^—jJL ^jjjiaLo ^jwL^- JL>-L Lajup 

An 



<1> apwJI aSa <1)1 aJI SjLiVl L?j . y <1)IS^ LI lJl>- Ji>-1 jJ U-j I 4— *oJ 

« ^ laid I ^^Jl ^ ^tblll jLipV I <jy«J LJl>-l jJ A-^-Jb 

aJL*~ 4 til AjU <-J yOj 1_4 IS! 4 <uJj^ (j- 4 1 frjJL| t5*Al^ll 

aJL jiaJlj . A lad» j>u AjcJjS/ I ^*^aj l±S£- ^Ifldj Si y frLiJ| ^3 ^JiiaJu j ^.«*.JIj1 

*^il^ll ^Ja.d.11 1 JlA j 4 oLmJT j JaLdj aJa^I jj +y\£u» ^JoJ frLlLtj ^3 L^J| j^JLj <_$-*■! I 

i$ju£]i ou^ oi vi 4^^u! u^jjl ^1 ciiu uiu ^ jisaVi j u^ui oi 

<jL jJl jj^aiJl ^ LJl J u/>j (1 )LajJL aJ jLL* JiSfl Jp L» > la 1 j j j ^^2^1 j-a 

.l*Jp L> 03 4 JasM ^ 4l^^l OyJl 4*^1 ^ jt 

LI >1 i-ljjJ L*J^ jl ^JUiGl ^tkL-l ^JLUI ^LjVI J 4->Sll jJi* UU 4liSU j 
Jljo Lf jz £ l LI jil Ljlp -L» jj_^j lLLULj 4 Llj^ o^'** o** ***** yk* • 

j! C~JL ^1 AJL^Jj 4 (Jl jZJl AjbA^- A-^^J (J,| j-Aj . <l) j « " $ 1 1 aS^L^I 

j& { a:V dilii ^>JJUN1 LI >1 Jl -bliS ^ oLul ^ ^ ISIj .aip Ijl^ l .o5 v-^S 

4 eJL*j y» ) ■> ^*Jl ®jtiJL>- JLi j . ^*JL^*jl a j jJo-*! <1)1 ^jlll LI JlL Vl p-lf~ 

l] A-xljjJl aJLaj . JUo L^-jIaJj A^-^JLlI AjcJ-V I jlJLl>l A-^xl 4 j~£ JaL t JJj 

. U^V {Sj^* 1^5" aJL^Ij ^JallLl |^ -I p Aa^IjJI t|^L«^Ai 

frill ^ <u<2jLJI Jl^*iS(l ^UapU <1)1 1^3 iy*jH ® AJti* Liul ^JL^ll Jl 

(S^J . jL^LVl ^ s j-aLL Jul^- ^IXiuVl ila-^l JjLi 0^- 4 (_$ jj o-s^Ip LJl£ 

1 n 11a 4 Jbo ^ (^JH^Jl 4-3 ^^JLdJl <1)1 4 ji>-tz«fr 4-iij^a ^1 l Jtt>- C «■%.,■. j ^yJlj 4 aJLoII oJLa 

AAj^iaj 4 1^3 gJlp ^jlll oL-JlSvJl 4 1 jS - 1 4 A jS^S jjjJbl ^ J*.<4 1 L.) jjallfr ^Jp ill jllT 

^j-4 <1) jUl A-pl ; la,,) J^*L^-I ^ j^Ll JjS/l <w-JL^Jl <1)1 jLe- j . <j jii\ aJL— 4 4 (_£ j->-L j jl 

. (T1> «a ^p <1) jJUl aJlp yu ^JJ ! j ajujVI ^lull 

aJLp» JfrL-jj (jlill <w~i£Jl yj . ^^jS/l® ^ y* aJI <L-jJL p— J^l I jut j 

. (rV) «frL-Jl <1)^J auT JjIoJj frU-Jl ^ jJLl c/ o jU\ 

a^JLL y» JoJL>- ajlSCI j 4 frU-sJl <1 ) jJ yA J <1 )jJL)I IJla <1)1 jjJLp ^JLi5dl ^ j~u 

. ^i-l ^ jLiJl Jp ( j-«5Lcll ^j^jJI fr yj> y»y frU— Jl 


JnP I V ». tf p i j . I Sl J Jjiji t j!L> J C ^ J^5vj I J»wl jjj Ul^diU uL(JJ ^il (ri) 

. 1A_ M ^ it J- t (\Aar _ i^yJl jSUJl jb :;^UJI) t ;jLj 

. \ 'A. \>r ^ n-n jx-ili (rv) 

AfV 



oL-JliJl 4jji hjj JjjI ' Utt 


<1)1 (_y Jl».JLj 4Jj-sA> OLib^ (j-® ip £_^LlJl j jjjJl 4,3 L.M.-® ^ CJL£ *. T 

jJ^liil j*-Lpj t Si y>JJ Lljilj i oL^l5C*JV I j i jJiLil pJi p y* aJLjJI 4 _*i£)I oL^*y Lt® 
^yljLaJl Q y*ji all Jjjl JLiaJ . ^ ^ «»<a )l j-*Jl *LJLJJ SJbjJL-1 oL^Lm-IIj c y*- jJjjJyJl 


OyJl y OU c JLill J-~* (J-^j - • J^LsJl j^Jl Vl ^ >*■* V yjLLPj 

4 ^ <*^ -J c£>A^Ji ^ l£*^I J-^l c5^ JJj~+* <1H^ p-j-^l itf} 

<y ^]| y u&\ y j\^^\ J! yji jsVaji j* y ^j\ jp 

>Ul (Op "y jsli^l y JJill JJLaJ! VI Ul J I >bll (JLp 

. a 5 yi! II Jil y JJUill ^j-y jJl j®Li*Vl J 4 -U 


c I41® <1 )LjI j c->LLJy aj^j ^ j*® Ujb <JjLi* ^y -J 4<l)Vl y>-j jJl yj 
^1 jJl aJLu j jl«^ y ijUap ^/XLlI (yliS*' : l>* j c j-^uJI viJJi <JI 4 JjLi y at 6 j * 
y JL^I aJLL® jJ* j 4 SJL % j* C^—J j~a a-nJl ciJJS ^1 4JL^w»JLd L®I 4(jL>*jjJl *tijJl 

LI jil J yLisI j yp SjLp 4 js>~\ il)t£v® < y LL 4 ja z jLLp <— ->Ii^3 . 

^ j-LlSwV 1 j j i-»jX« ^y® y»-T jL^j v^iJjlj (JlyJl (j-*» >r»r 

^wa^>fci) (J-Lcj 4 lio Ui" 4 yVli . ^jjl aJLL® cfJLlAS^j L-w®LjrfI LlJ® 4 ^L ^iT ^1 ^ jllap 

aJLaII j ^jlXU aj I UJil jiU^il flJUh J! 4 i : MS>‘> *1)1 4SJL3-I j jiU«fli ^Lulj 

LLUi5j ihuL, U/i Jp LjI ^1 j plit Sjj^jJlI Jl£iSll J y>~ aJ| hj., »«*Al 6j~k+ ,s2 ll 

4^4® 6 -Ia ^yl aJLa^ < 1)1 . j-saJI ^i^Jl AiLs^VL 4^4 *aJjI j&\1a 

V jy3> ^L^Vl J iJlA JL3 J . ^y®ll]| (1) Ja Jl < y OjjJlj A*jL> jJ I J^Uall A3 jaI 

4 c->L^I^hjVI_j jJ^Lil ^t-^' 4 JL>«_> (^JJJii « aJL ax««w® y*/* t < y 

aIU t plijJl 4 Ijy-lj . ^y«il 4 4 A3 y»il Lljil 

. ^®la.2ll AJ^lX® SI jfi p-LtJ V <Ai A4j Jp (jJa® 

^Lp> jjia j ^43 ^y A-^Lxl aJL>- jA J^JLj A3 y^ll LI ^11 A-xIjJj ^IaIaVI I*1a 

ajjJlSL® aJLaI cI^jlA-I LJL1i5I lLUS Ji 4 «!> L^ 4 ajL^SIj *yp\\ 

4 aS j >%. ll LI jll A-^lj^ ( j-® I jujl^- (jlL.il jt J-«y . J4 — ® ^ILaJJ ^AOj 

Jjl® iij 4i-»L--L*Jl JjLij lt>o iJb {ja Jjl 4 ^jUl j^jL ^y J4-^ ^yl ^yw^I 

Cl*' iijjJ-l At IjjJlI eJUb 0[j ■ >j .,<a ll j l.'-^So I jJjJ I I, A ^ J 

^jUl 4 ^^ OjA^j tlr; 1 4 -^-=" j^l d-* Cr* - L i^' J-*-" 

•^Jlj 

i^t'j ^ a * •■ ^ * a '' ^ j , (g *1 ■ /! *^ l ^ u cJ*^ ^ 1 * 1 p (J»l m 1 


AfA 


J.UI (0) ^ ^gi >1 (rA) 



L$_>- aJLJlI jLali-b ^ dijb . iil—a J-p AjA^ ^aJI JU.AVI 

LI jll Ai*-L Aaj ^1 Si 4 oAa-lj Aj»J 3 Jlj — Jl ^jjl j*& Jj j . ^JL^Jlj ( j>/ 

^l5obVL Jaii Jl j^-)/l j-p ojiUJl ol j^l cfJLLr 4 ii ol J^S/I Ju» 4 iaJti 

b-JLP J ^Ja dll el jA j ^Ja all 4_JLitSL« a! jA Aj AlP j 3 Aij . LsAjI jL-^j^Lj ^Jj 

— eLl* ^ jl aLa« ^^moII j Avail Aid Lev ciUSj 4 ^j^>-jJl AjA*£- bjAp^j AjA>^ 4jj1*~a 

^1 <jl^ ^^Jadl dJLa 3 ^ ^jj . jd^^T^/L jt — Jl j>-Vl idjjJaJ Lwj 

JLmJ I 3j A^mJJL 4 . A*«_«j j} 4a^oI^>m4 4jIj jJa Aj^Jaj A*djAj Ia«j 

Jlv» 1 j-lll jJl 31 3^**» 4 i ^ a J ^L.aS' JLjIjJI ^laiJl bdjAj IjLj AjA_>« 1I ^.Jl 

I Aft <1 )Ijj3 ^ jAII ^la ... Il 3^ jj-^LaJbl jA-dl A-dj3 Li^V 4 AjI j £_LaJ jjflJ 

^1 id j3 ^3 Li^jl ISIj . jL-^iVl ^Jl ji 3| I^Ad J-^aJ 4 aa>Lj ^... 2 , : ...* Jj->- ^jJJl 

. jLm^jVL ^IaIj L*-J A3^Lc* Lt****4 3 A>«j (jl <~*£; 4 vAjL^AaD J4^ 

Lf-iS’ Ai J+- jjl jiS’j 4 |». b f I I JjI Lgd-^ v r^ p A L a I^ j <_£ j^-1 illi* illiAj 
AJLLaJI jt <> d)U jJI aJUII a A* <1)1 ^ip J 4 ^ j : *lla; j1?La JA ^p^liU J-^aiJU ^l>Ju 
cJl5 jL-fc^jVl a— »* lj3 3^ 3^^ d^jl aJLaII ftjL* . ^Lt^ail ajIp ^ j«J 

j . A-mkIjAJI aA-fc ^ Ij^>- jAJb Ajli Ja^« jJl ^ j-fA« L#l . ^ j . ^ l lat AlP oAjL-- 

. o 3A3^ (JAJI ^ ^JaJLiJl 'jja * i ciLL^j 4 lLLLsJI 4 ia—- J ( ^S <1)1 3 t ^ (j-*l 

^3 Aj ^jjL La ULa J 4 AjAjca ^jp Ja*J jJl LaAlP jj-J 1 3^-^ 

jjb 4 Ja-*J ^JLl O^naI) AjLsoJI JbJL>ulL yfb lAA AAjIAJ I AmmJJI ^ y^JLA^ . ® AjD l^^-l® AlJLtja 

. oL-AiJI ^ jL-5LNl ^jp 34^ <1^ a^ 
j^JJl JA AjtiaJ A^ CtjP L) yL~*A L>«Ja.»J 3^ ^jjl JL>-L bj| jAJ| aAa 3|:„4 

p « a «.»»Jl 3 ^^^^1*^1 ^ ^ * ^* / i l l j L ... ) l 3A^» ^aJI CD ^«uLmmJlI p^j^j . ^«»bjL>«J.I c_5 1 a 1 

(^JUl G aJoalII ^3 (tJF 1 ^tJa— Jl 3 p jt_LLJl (*-**O^A 1 (^ ftjLw— ^ j 1 3A3» (^jJl 

.((1- \<Oj(o_ ^1) £7 ^ ^-Soll ^U^JI J JBT C'O 

jl (J J- ^yiZ. J (^jJI 1-ijjJkl ^ j^ a Slaj iljJli ^J>\ J (J-Sw-J Ll» J-<— ' J; l a » 

J_^U jckJl Jp G£ (JiUlj 4^1 ^ CE ^UjJIj tJ yjl J CD 

-A ->• Ja^3® ! ^ 0 4 Aj3L*_£ 4 j\ ./»!>• L (wAL^JJ . (_^ ^T.«..ll jj-wflJ ^^3 

J» ^ p — SJj _» _>■ Jai- Ji. J» -^- Jaj- ^ sr las- Js J -aju j . £ sr las- jj jJw»i 

.((*»- _^10 -^** (T 1 ^) 

. (^ /!) . ;xJ3l JiUJl J-.C-I (i • ) 

Arn 



ij, _>■ ia»- <J! is -Ia>- t Ja^- Jl li 1 Ja>- 


A^J (_£ A la aj* <jyL^aJ 


f>l 1 (1) it L«U . dl 4-j Ja>- JJU aJLu>«J j u 1 Ja>- oLaZ^I J 






Ibn Sahl, «Les Instruments ardents,» dans: Rashed, Dioptrique et geometrie au 1 ( i \ ) 

A* Jiec/e: Z6/i Sa/t/, al-Quhi et Ibn al-Haytham, p. 34. 


A1 • 


{jtii * * ft 

^Jp a^j J I 6 -La J**-*i*«*jj — ^ < 1 01 <jjl ^JLJLaJI oIjLaJI aJL^- 

A--**jJl a*La * Uapl ^jP ^jjl jJL> V j-^3 . jj-LJl I j-A AP y*»/a[\ oL*»JIaJI aJL>*_j 

I -La ^ j-* LfjJ 2 ja J5” ^ a ... a > I -La S^Ip[ ( jp j! 4 1 $ .« a > 

ojMi 

(1Y) t 
. AmmmIIj j I ^ JUI ^1 jL-^jVI ^jA c » «,«>,< I AmmJ! 6-La 

CEj CD yA JS' Jl^il! <Jp 4> / i. < »A l Oi-djLr^ ^ 2 j ii Of 4 J-*-*JL>j 

1 Ot Lju* sGH pJ*Ul y+y 

1 sin i\ CG CE CE 

n sin i 2 CH * CG CH 

^ J a la 2:1! JL^tj kCl — CE 0 y&3 CH ^L aII jJp I a la a - 11 i y^» ^1 *L>-L 

• (J* I-^-Lp J-^>*xa IH k-JuoZj* 

Cl 1 
CH~n 


. 015^ jLm^jI (^Sf AmmjJL j^lJl CIJH a^mmjJI &-Laj 

OJL^- A_-^JL*Jlj AjJLpJlI Aj j ^-JlI C^JLaJI aJL>«j J^U- dJU ^ ^Jp 2 ^^p jtD 

yfr eOl 0} SI t jjJUl AjoJaj Ja«j jA L-JbJl ^g-waJ JjljJl ^ja.4.11 jLl>-l d)l 4(j^>-jJl 

.e — -jA OJljJl ^kaU £)S 

* j„ sill! (AJLlklil 2 a jjdl) ^..<^*11 jJl oJLpli <JL>o! < Jp JpI...T>« A>**Ii)! oJLa 

. 0i4 ^ oUjlaJI LJjjd a^L-I 0 jlpL5 ^a j jL—^» V I aJL>* 

aSULiS'I 01 . %o apLp j Juj— ajLIiS'I ^JlJl jJULl^ 0 ^JlS OSI j-a I -La 
4jL«^j'yi A_JL>- t-j *A 1 1 L f+~j£-*3\ ^j->-jJ1 OjjI- 3 (J : . la .7 Jl oLp^/L 4 l)jJLaJI Ijl^J 
bjJ* oL-JbJl A— jIj3 Aj»-Ij JLaa S jUxil 1 -La ^5 ^yt J.<v Ua> JLaj aL> ^yJl AiLll jlj^Jaj 

. Ajj j.^a <J 1 Lw-dj 1 o-L|^> 


^i a.Aj| £ r \ a .*M ^p OB jj^tA-U ajj! ^ ll »-JLll oIpIaJLII L)l 

.((v - ^ ^)j (1 - w Ui J O^CUl) i 4 ,y VJ Lfcj S^ioll UJiSfl 01 j jlsIjJI 


.(^>1) .jL-S^Vl jt (£T) 
Roshdi Rashed, «A Pioneer in Anaclastics: j 4 xxxiv ^y> Jl xxix ^y> ^a jJuaII (£t) 

Ibn Sahl on Burning Mirrors and Lenses, » Isis , vol. 81, no. 308 (September 1990), pp. 464-491. 



V 



Jp N o jj + Jl ^jA apI j Jl 1 "k^yja Jl oLpLm-JLII of ^ 

ZBU' ^L,la.~Jl «LxJbdl J>-Jj 4 ZSU f £tla**Jl Jp aJoaLmJIj cJLjljJl ^la^Jl 

. AJaJlJl ftJUfc ^ JlxdVl pJo 4d~>- SA ilaiJl J| V j-p j 

J j-jJ\ L* . L l C^ J J 4 Olil>U d -_ >*-t dlj£ t-Ul J J.^ +A ^j_j! J J-.P 7 IjL^Jh J 

£-kiJl j-P y> 4 oli?jj-pn«_Aj Jl 6jl jla .pi . dJUS yS* pi o!jL«*SsjVI 

jl >- pVI Uufe L^l. 6 jLipL 4 Vi* JL51JJI ^kills’ i^aSLJI ^kiJlj ^ilSl! 

jl jVl JLwfl 4 jil 4 JjJLjj • cT J- 1 1 : ■ '- — j jJL5 cJUL_i 5I Jl 0 aJL** 

^j-saJI jLdjjL jJLo L» Vl ^)L*J jl 4 J^. +* ^jjl ju Jp jjjJ I olj LoJLp 4 oLjLwd>LVl 

. ajJJI JjL~» ,jp dJJij 

J| a--n«jJIj j»«Vl jl£ dUiS’j 4olSI ^J-l J UaJ d*>*JI ^ jl^® j^JJ |lj 

JJU ^ $ J.PA® JiCJL) LoUipI A-P _j-p j-4 JaJ A$P- J 4 jSj 4 Ijil . AjjjJl £j-P j*® 

I jl>- I <1) LS^ 4 ^il jJl ^3 4 aiSU 4 AJLii]| ollL Ljp |JjJI IJLa *l>- jJj . aJ j pit 2 ijpUaJl 
Jp °vlk!l oljLlpV I j^3») Jp I j-plA4j A^i Jjc 4 A**i IJj tfjUl ^yLj-iJl jI>*iL 

till jf 4 AjLLiS^ {jA LlLpj l *.. 3 JjVl Jp 4 IJbl J-f-^* J^l cJjl-**; . Jliil 

eJj^u jl A-jiSj jl^3 ! ji>-T Ja-^j J| JaIIj LaJIIP £*p*Ij j LajLw« oIp Lw JL I I j^axi j-J*j 

4 ^Japil AjJjIjJIj Lj^il _ Aj jJL>Jkl A^JbJl jjp«1 AjjIjII O Ip Lw -JL 1 I ( jj* <a'j>- jl 

jjLaj c— » *~+j J L«_d V I ilj jJL>- aJLmm^j jJLaIj L^3 L*l . ajjULl* Xj*y>- jl ... V L> 

4 JLx-dV I Jp aJ jJJ ^L-l Jp ^j-saJI ^UdJl 4 -jLjjCj 4 olpL^dJl 

Jp fijLijp- aJLxj La IJlaj 4 oIpUjlJI ^jlp u, w»LjJ aJ jL J ^aj a JL^ Lt-plj 

• <y l kJ* 


.(^>1) Jl A^(tt) 


Ait 


>Lil jjI :feJU 


(1)15 v 3l Jl*j ^ ^>-jS/l Jpj 4®CjliljJ-l® (J y>- AlJliu (jl <1^ lo-*«-o 

4 L-J J . «l^ - U . a JOS’ {jA ^jJLiJI Jl j>- ^ i ^"lo A^t o j^aJ\ ^ ijJjll 4 pJLgJl 

1*- »Xfrli»*l j Up aaJL* JLpI Jp ^JLUl Ji v^jLiJ! ^s^LjJl Up j^5j jl c jSl 

L$_o— j Sjj-saJI aJP~l j A _nii 4— J-Aj J^* * ^jl 3 j->- j (1)1 . ^ 

Ai^L>j! (1)1 jLlpLj (1)1511 j jLajJl ^^3 L^JLp ^ J aJP ajLlpL ^JL-Jl ^jj| (1) j->»j^ll 

4 ( j^x ^ollajj 4 JL^-jlj 4 ^jmJlAaI (JUuI {jJ!lcauy~l\j jujJL5**iVl j^pljjl Jp j j j-maIaj 

3 j-p-j ^J> ji j JbjJ-l c-»L-jJVlj J-p 1 _yll lip J tf . t j Ij^pj . Jl jiJI j 

4^jl*JIj 4 0 j^Jll a jJsJlj 4 ^ L5JI ^3 a 1L>«_A5 |» i*.^.ll ^jj| oLL5 ^ >«-Jl ^>.^1 j-a 

a j j >~ I (^JJl Aj4j jPj 4 J*3 ( j^a IjJLxla (1)15 Lu J*al j^Jl lip »«< L5 , Ajj j^Jl 

(j- 4 jl 4 «j£jIlJ 1 A-w>-bJl ^j-4 (jl 4 ^JL ^jJSj jpj . J^LlI |*1 p ^ 4^->wJl {j* J l*>- 

^3 JjS/l 4pl j_^ll LlP Jp L>w^I Li I A5>-^3 Jj 4 ( 4-^>- jJ j -o-JPuN 1) <L3 ^aII A^^-Lll 

• (/ (l <11 4 j^Lil (Jp 

lo jaJIj a-JU j-Jl a-j-s^LjJI cjLIi5JI ajjLaIL 4 jJ^hll ^Jp ^jlJI jl>*j| jl 

LaaI Llj . ^^LpNlj £L~J>Vl L* ^jC u i^m 4 JjSfl a j)a\Wj 4j-^Jflj 4 AIjL_~k ^iJl 

^jI J-i 4 £-SI jJl . AJlllI 4-0 U (J^lll yS/| ^ JjS/l A-ommJI (1)1 A3Jb jiajJl 

^ ^j^Lil alp j 4 jp Jaj 1*5 ^Lil (jp ^AaJI I1p Al>y ^ j*l^ (5^ ^ ^ 11 

^j-LlJl IIp ( J-P (J Ju A-JL5 ^-tjLlPj . A.«-Jgj A-j-s^Ljj 4. A t 4 aULi>» A^-oJLp JLJLaj (Jl 
4 Aj j Jl 43 jp«ll LI ^1) j 4 aJL^JIj ^j3 ( j-x jJ j 4 4^51 j^Jl f> jPj 4 j-oJJl a ^3 I ^-^1 jJl 
A-p- ^Jj 4 j-^5L!l a jj-p u- >li5 j 4 aj ^-> 11 a jXIIj 4 aj jpll jyiL5il ^iaSJl LI jpj 

Jl ^111 >L1I lpL5 c^-aJI gSlJLII oL5 ^ (iJUL 4^^! ^ illi-j 4 cbUsJl 

(1) j-aJI 4-JwJ^Ul j A^Jj-*JLj aJLp LPPJ (jjJl j 4 jJLp jLJl (1) j-i!l 4-JLj^Jl 

*-■ ■ ^ ^ - 1 1 AjJLLjJI I l^l I Jl J fA A 8 ^ >>J ^ ■ - Jl 4 0*^1 4 JiJ wLaJ > j p ^iLwJl 

4 (J^L^jSlI jJpLII pJLpj j-tLil |»-1 a 5 aJjJL?- (_^ ^i»-l Jp Jl l-P^I Jj 4 (J j-mO-JI 
.^sLjJJI >Lit jJpj 4^^>ll a^lj 4 jL51VI ^Jpj 4aS^>JI LI JLI j 4oL^15UjV1j 

^pLjj ( JyJa^- oLL5Jl alp a^JLpI ^_>llj ^JL^Jl < j_>l (jl 4_UL5 o ajIj a jlaJ jl 

Jp J5 JsLlI 4 -aL- < ^ JjLj Jl JjJL>«iJL a^Li ^pL jJ\ IIpj 4 jiiLil ^ ^^-^Lpl 
^3 JjVl a j-oJUj 4 ^j-s^ jJ J*jaaJI jP ^^Lp^fl lip ^3 ^kLuS/I J-o a J| jj . aJL>* 

Rashed, Dioptrique et geotnetrie au X s siecle: Ibn Sahl, al-Quhi, et Ibn al - : ^ la 11 ( 1 0 ) 

Haytham , especially p. lxxiii. 




0 — 

i(w - - ^0 /*r* _roO yi 
,(rm 4j^^i) >bii^ 

^tjjU y a_-/LwS/I ll/UL>N 1 ^JL^l toVLi* * y j-* j t <wjtiSCJl 1JL> j-i^> 
jLlil i-Jy Jy- y yl t-jb^il 1-U yj . ■ojSll JS' y f 
<^JJJl 5" J t ji 1— l Lf 4 jLajSM <L*i 1 ji yP frj-A Jl 

' ^JsLit j* ^-L of y* L^Sui ai£a 1^5* t 4 ->-^Jjj j*aJI ji^Lil ^yjly 

^Jp d O lL&j 4 -aJL*JI 4>oliij ^jlill ^p .si i IJl * li y -LiJj 

o yJij j*t aP oLijjj*j oLL^Jl ^pj SjLsiti-l f-LaJp 

y-!jt Jll* io-j^AJl 4ia^ y ^Jp iji jl2j . iJij^ 4^1iM ^JL p ^l— Jl 

. e-ljjjijlj ji jJ^LUj ^jA L jy ^^JLp (jWl o yJi 

. < — ill^3\ cj'tAi- ftjj-^9 tojyo)! «JLa y ~L>*j j 


Alt 


li-A jl JUL) . ^ ojj -U jj— i j pj-sdJl jLJLiJI Jpjj-JSi t^JLxJl ULa 

_jA La J j_vOa11 — frj) *Si ll jldjbl d-p| jJlJ *LLpl J| 4 A»^_>- 4 

^ _r~ o?.j j>^~ <J* u*j M-* ‘tfj" c^'^’ ^ <Lr* W-*Wj iijli* 
ik~. I oNli-l L^»jul» J-»j<JI til 1 cS jk-t <L»-li {ja i J— o jt l*£ j_^jJl 

jAj 4 oj ji CJj Jib* 4 j <d jP („£dJl ^^1*1 1 dUS jIsUl! pJbJ Jbu jlj . AjjLi>-Vl 4ia>-^\ll 

4jjJaj ! lb* ft ».<< Jp IdpLp^j <l)Nl ^jA JaJLJLj JbL AaJ . j «^a« ll Jlji^)/1 4— »< JJA ^-Lp 

pJLp If- Ja-Jjj ^ j-naJU AAjJaJ J <■ Lj>- jJ O yJl L>- jJjjJ-Aj Ajj jJL# 4jj jJU 

^Jip jiff La JljJ V aJI a<J did V Lfj c c ^U^-ui3l jJiLil | Jpj jJ?Lil 

Laj^jI 4 4Pjj ^ i dJJjL^ J ‘U-jJUaJl L ** 1 L ./ill *Loj jLil J «« Jp 1 1 * ■* 4 |»J JLflJl ji^Lll 

dUS c)t ^ 4 4jjjJl Jl 4 ^-jJL aJLII ^j-U Jd^ju 4 (tA \ d . l flj 

^lull Vj <udi jJl L$J Jbu ^1 Aj Si LUJl oJLA LpJj£ Vi ^ Ljjj-P 

I ^ <1 V j-sAJ JL>«J A-di . JbJbi-1 £-»P jJl ( j~£-kj oL jJ^Lll ubllS' ^da 1 j <1)1 . 4__dJ 
A^gi ^ pIjcj! c^lillj JjVl aJUII ^ dJLll *^iJl jlddV l*JLdt 

4 £^>LpNl IdA Ju^> Jiij . If- AaLcI! JjLJlIj AjJ jJl (_£ ji>-l J J^33 ^!l*jj . (aiuLJ! Jl 
(Alhazen) AjL^d Jui iJbl ^1 SJbJb>- JjL-^ jl^l Jl 4 aJI Jl-s oy L* ^ 

j-^LSCJlj 4 Ajj ^SDl A-^JbJl a j-4-dJl (^ d ^ l l ^jjV ^^^Jl ^-^Vl) 

J^a > jj Ld ^ f- j-JJl jL~dJl pJLp ajj->aj Jj 4 olil JaJli 4 <Jjj £ Jl 

j%-Lp < 1 )Ia jdJ j L w ^ J j 4c«*>j > /3 S . t U J . «l az ^ A^j^uiil <Lj1j 1I Jl 

. jdJl p-p! J^djj 4 Liji oLj-^aJl 

ULa Ijuj . oVlill a-J-j jJ^Lil <^>L iS ULa J_JL^- oNl ^-jlJ j 

^LudJl > jfc Ju» Jl^dl JJ-^1 ll dyl (j^ji * 4P l.j. s ^a.il S^Ip^j ji 4 -yL^Jl 

t j£S . old jil JlSLiSl Jl>-^1 4 — jaJLl ^jytilJiLl ajL^^LaJI 4-dL>- Jl ^ a a. J ^ j-a Jl 

<1)1 jZj u V ^ ^ ll I L^x ^jjl a j-^Lcd 4 aa^^LLII *Vj»a li^L>“! 

Ju 4 P- j-d-ll jJu ^ jll p-JUl ^ «oULT» ^ u>*J' ^J| JULiVl 


Roshdi Rashed: «Optique geometriquc ct doctrine optique chez Ibn al- : j La jl ( t *\) 

Haytham,» Archive for History of Exact Sciences 3 vol. 6, no. 4 (1969-1970), pp. 271-298, et 
«Lumiere et vision: L’Application des mathematiques dans l’optique d’Ibn al-Haytham,» dans: 
Rene Taton, ed., Roemer et la vitesse de la lumiere (Paris: Vrin, 1978), pp. 19-44. 

Rashed, «Optique geometrique et doctrine optique chez Ibn al-Haytham,» pp. 281 et (£V) 
sqq. 

i JjS/l ilji Ajctb^- 4 4jj*i>\\ AJ jJLS j Ajjau ! ll jj-d-l 4 ^i.la.'i Lf da.+A* '. ^iail ( £ A) 

.Vtr ^ 4 (\<ur- \\n ^jy bdx- :S yklill) ^ Y 4r pjj vdjjil ‘A^J^Jl US 

Aio 



& VcA J* JA sL^i UU-i ilL* jt J 4U^Lp Jl J-UdJ 3JLIS S/tSLif U^u 

• j*A j *1^1 jj3 ® ^-j^S/l fl«A^ Cfc>i^s^lj . j^xJl ^>0 ^jll 

4jJ^> O^xi! ilLjJaJl ^ 4 jSt cl^JUj^L ilL-iU 

. p— ^-1 {j* 4,1a 4 1 JS' ^j-4 4lxJ.ll 4 jcJ-S/I aJLfc 

L/* eJUl j (jtill L^ ^ jA -. /iH 4 j** 4 a J C ^J.o4 J 3 Jxj 4 ||JL^Jl ^ j , a ,* / 2 ^ 

iolSLa j Ja jj-1 ^^-s^jjJI ^j-La ^3 3Jj£j . SjujJ^I o^jaj jlp! ji p-L^jN jJabll calls' 

^3 0 >La j> L j . ftjL»*j|j p 4^»L^xJ Jaj J** I ^3 3«X^- 4 4j> 3 ^Jl 

4 4^-Jl^ll jLjL>-VIj i*Jxdl ilLa-tAll ( jS> 4_^U l^l 4 p-jJfcLL^5’ <juJLi-l Ills’ 

1 %-JLp Ju J j>- Ja-*j JllJLj 4 4jJ ^J l 4jjlaJ ^IJLpN JaJ j-*a oJla Ja j jjJlj 

.>ldl 


■ **** Jjfl IaLa>-I ^yJI J^j j^t jj 

• j ^~ I t jA ^> ^3 J.^ «/3 rf> it jl 4^>Jlo ^ jli n mi l c)l 4 — Li<>J I 

4ja-**»l jj ALa 4 J eub ^|S j llil (jjl 4 (j\xJJ l^-ljx 0j£* ji 4^*3^ _ ^ 


Ja»- 


jjlp ^1 4*J>J1ju jl j^3 ^4 4 liLLi <j\xJl 4 J^j J^liJl Ja ,m j]\ i)j£j jl — 3 


.JuSl 


. lu* jJl 1 JLa SJl*S ^ ^ll |» .*..1-1 j j£j jl 4 -^ — * 

. ^ ^jUajVI 4>-jjJ <w^L 4 ^ j^ **-*£ - J 

. 4lSvjT 4 jJ jJi -t J j-iJl aj-A ^3 JJ pJlp jt oLx^» lx |». t ^Jl ^jI 4-J^JJ 

Jl 4 ^-jJLSJI jJabil ^JLp ^ JU-I ^ L.S i±jj£ N l»jjJJl aJub jl c jil cJi>-^j 

: i}i ^ p-W 1 od 1 L^-x-s^j ^jill U^-Ull 1 >j jJtJl oJjb . 6jLlij|j p-j-^oJI l»j j-l> 

I JL>- 0 ip j~~-i P- j «^?Jl *! I ^ 1.P U- jU- J 4jJ jJl JuLj— 4 P- 

p y£ jl ^ jJLsaII .ixl«J lx jJlij 4 j>cJ4 j SJLl ^j-a J Sdjj S. 4-J$L>«-Jj 4>lal- C.^>.^ J 

(_J-p j L^^LSj «». j-jLp jl ^^jL» pLsaLI — ^Sj^y ^ « a! I 

4 La jj<x> 4 I p! J i^SJl 5j-Sfl jl 4 43 LL 1 JI JpL- jVl j^l^**Ajj 4 aIl^JlI 

^ 4^-Jlw* Jx ^l-^l J\ p j ^^-^11 4"l A la 2.) J.S ^ *■ j-aJI j-*1Z1»j $ p j-siJl 

p|j-^Sll j JLjJ ^jilt 4-^jJl l>jJai-l oJLa $ oLaL^^/I ^ j iiLLlJl J^L^jVl 

p| yjH\ £*-* JCJ V J 4 4X-L»liLa j| 4j j| Ja jjajLl fiJlA j jfej ^ OIpIxJLII 1^X4 


: dojSUl) l . I ^ s~>j 4 jJpLII vjti S' 4 p- t ^ll ^ (j— ^“1 ^ *JU-^ Jp ( i^) 

. \ A<K ^ 4&W1 . JjSlI oVUll 4(\<\Ar lijjyJl oll^ai 



jLfcL^I 4 oj. flT ... 4 ]o jJa>- (jij a jf J j j $ {jA 

. Aj j^jjL \q • t jJ ^/ h^aLaLI djL& ^jA IjI (1)1 £jA 4 } {Sjt 




r LfJ * U l L fs*£d*&{*} 1 Is £?&** 

'~S~£Sd& LI 

v£J» > a. uysj\> l i 

& 2-*c><!kJ« 

r,*«Ji ?-i 

> s. t ^E>' 

-V* idl r^> 

Jly^^^c^eM 5 s tt ' 



■*tJt^»>J.«yofiit 

*3a&rA^£.T] _>^)ijib jji j J g&+s4rf*i 


~m>rr : 


$ 




Ml Mil 


Hi 


(r - ^) fiji^y * li 

yi^Jij jLsfc^/i ^jii >L1I j *T;3‘ j t^-ijUli ^jJi jus' 

. (Y G l Li j+0 IjT aL jJaii i J j*iL*J) 

A.UwJ a>*JLj j^aJt ^|JL>ol ( y ^^Lll wUT 4~»:>l — 11 Jliil y ^ t .^Jl ^il lL>»j 

U ^11 ^yj 4>Ja~-il U ^il <y ^yJl j«aJI frUai-t <y 4^1 US’ t^lSUjMl 
, l yJuk j 4jJL £~ ^jA aJ»Jj>*II LI ^11 j aJIjJo-^VI LI jilj 4 jj J>S\ 

.^jijUI l^s^iL US' tS jaSII Ll^il aJU- <juj S «U*j 


A1V 


4 J ^Ly-Sll y * j-s<aJi y- a. 1 2 i ^» <j 1 /VI JL>- y y V Uijj 

jljJVl i^ShL+At — yip j\ <_£ yL * yjs _ ^L^-Vl aJL* y Li*A-lll fiJL >- J fi ydll (l)li lIJUJLI 
I jlX* y LkS’j . * y*aJl yJl y cr^ ^ *m.>" JtfJLLP j-ioJ yJl 

'Ui’jlj 4y~JiJl -LlillJ O^/ jLl ^JLfJl y 1 I yy t£jJl y* IJla < 1 ) 1 jlSf! cybju jli 

p-j-saJI ^JL*j L#.aip lAly£ y* Lg-pyi yy yJl Ol^J*Vu 4 jJL J^Lai^-NI ^J-p 

. JoA5 

^Jj 4 <L> J jJJ 4 I-*nJ| -Uj jJLU J a.A3 ^«wJ l-*-j>«I-«*j <jl ^Ljil-*«-« Ajjjil 4 j jiaJ ^J-P 4 ««^ 3 >-> 

^liS' y JjSfl <JUll y* yL U ^JL^Jl yl . ajLioIlj aysoJl .LjjJj LaJ 

tjyjl Ay ji Jjyy JL->Oy <*Ly 4 Ajj-la/Jl oJLa <LptyJ LbtlJLpI JoUl yJLailj jJsLil 

6 i-A yjJJO-j . oJla oJuJuLl JL^O^/I iylaJ y« Ju#l£l«« *y>x5 illy 1 4y- yl 

. La l*JI J>i; V SI ^>JI 

pip _ 00LJI y^j oul ^1 4} Ull y _ jb bl! Lulls' y J^^JI o^fUll gJLJ 
^y y ■»! Laj 4^*y Jjj 4 ^tLll |%JLp ^ Jj ^Oi 4 Jl>*ll IJla <jl ^Lil ijJIj . p j-saJI ISoul 

j»li yJl Lillis' 4 jw y A~Jj3 £-*3 y ^bS/l y ^y y ^jSC ji 4l$\J 4 a jl?L«« y 4^Uo»L 
^y 2 -sA>- 4 jJ^liil l^LS <aJ^ 4 ^y 4-4 ^«--aJ1 lI^^jJI ^1 aSL^Ij . ^JOgJl y*l L^- 

. 43 y*ll LI ^ll 4 JI 4 *J) yl^iuVl |+JLlj ,J-1xIj JjLJI <i>«J c-Lll L^J 4_L<L^a ^ y-f C-»^LLa 
4-JLy3 LL« Jl^-iL 4 ^ y-1 yj y« 4yl5UiVl y yl <-*ly 

4-^ljjJl oJla j . SJL»Jl>- y Ijiaj i3L^-^J 0-3 jJl yj 4 4Jj y_^ j^yLL# 

. ^ ^4.0-^! IJbJL^- yJl ill— Al Lillis' 4 SJUJL>- JjLw« 4 ~Ju ^Jp ^ i y l l yl ^jlaj 

4 Luxl y tj^juj j yLdJl ^yla.n-j> 4 j| . ( yL^A-»Vl t y IJla 4JL>lj jj^ 1 (jA * * x^Ll! 

L^Oa oypAl ! LI jll i Ujl>s1 l) y LiJl IJla ^yj jl . LajLx «L jS 3 ^SL_>L^y y*_i 

4 L^JL4 au- yj Uy Ju3 LUiaI jyjJ .<Jejj>S\j 4 4jljJa-urfS/lj 44jjj^]|j 
^ yOhll 3 wL^ ciD 4 yl— Jl 4 l^Ai ^3 ol^ll ^cJa^»< ^J-P ^y L^ll ^yLteJ»l Aj J_^- ^1 

oJla y ^JiUl J ^y^oil ^L^ill j JaiL-Jl ^LuiJl ^ y^ ^JJlj 4 ^Ja-^Jl ll-A ^ J^Loil 

dly 4 i>yolL ^jllJl yA yi>«Ij 4 (_$ j^-S/l 4jL*ilj3 y yS/l j-A Ui* j llA . 4-l a . g Jl 

4 ( yL^-*jVl 4_^rfljjJ y y-^JJau oJLpI (^JJl ya dL>- yL^I ljL^>- *A-j J ^ ^ »A ^ 

ojys^ LsAjI |+JL-^Jl yl yjJLjj . oV LLl ^ ^IJLj-Laj jJLSI *L>- 41 XJ 

4 (. i.lai : j]eu\ . c .i.lai yj ta^a» 4-ply I^IL- yJl j Oj^JLil yl ijL— •* y 3 yiiil (O « ) 

. 0 T > _ 1 AV y 4 4~Ju jJUdil 
. * _ 1A0 4 <~Jl> jJLuail \ ) 


A£A 




(r_ \\) 

yUoJi j jUojVi ^j-D ^jUJi ju^ 

a (00\ C J^A.- j..i <U jJq^ CLjlj^ifl) 

^ dJJi j jLjjI y*l^k i^ljjJ 4-J^ cjNI SJl* Jnfcju ^JL^Jl 

aJ La ^jb-l J^xJ u_iX ..^a jtIL *-i ^^JLj (_^JJi jl^Lll ^ <xj! jJl ajUil 

i^LS^VI *ff» \ 6 .^...> US' ^ <JNl oJuj .L^LxlJ O^i uJ-S'j 
lfL« JjS/l *j i-lj . ^UjVl ^ ^ Ji>iZiJ J 

■ 0^ ^ Lf* 4 er^ (>* — S J^' <_H t/ - 


Ubai JSLJLI lj~S 1 . Uh>±\ LI Jl I Jl *~JL U-w^j f-JU 

. c LI J.I eiJb^ Jl a-— jJL (nUUSj c c> Lh 4 ^L^xi'y -L JLJl SjJj jujl>*ij 

Sl ja UjJ '. iJbJl 4 -*— L C...L. Jj ^i)l ilLwJil c LI JJ i^LUp Jl 4 ^«jJL cUAj 

^jJJl 1 (j| V^< * >iJ ol J.I O.L& »m Jp b aJa dj JbJlP ^ a»Ju> ^ 4 (J L.L flj 1^.4 LoJ 

iisLJl ^UJLlI elpV b.AP LAJl^I Oj£j LLU< ^yjLk*!! <laiJl oJU iy^K^aj 

sj^aIi aLii «jla j>- ji j u^jj jJj . ^-£*1 1 ^LcJmJi oi^v j>-vi j 

k*j\z£ Xaj l j */a w > c-Ul oN LLa A^ll^jL'yi 4 jL>*j! ^JL^Jl ^1 £^Lo 
£ jJl ^ dlSL Jtfll oJlJj . (£>r) S yLUL aj yJd LIJL! Jjl. 

: JLJI ^IjiNl l*J US' *J>il c^JI 

i£ j-S^ ja oh S Jp- Jl>*LJ 

jj-P ob JjlJU ibJLP oLlaJwO 

^jJLJl IJ jSJj iEB : .t 4 

Z) S L 2, ll j c 2 2 kill oJL^J jlS jil 



er* 

{ksuji 


Ln 1 Lr^j-i 


iS/l Ot (J^-*^l ^-^l 

JS' Jp EB jy*-JJ aJ Jl! 

aIq 2 < ^ ^j-aL^JoVl JL*j j-4jJ S^jb 
4 k.2J tiLLx 0 jjb J-i j a jj->Jil 
U* <>* j-rdJ • J-* W: 

4 2 lalil Jp 4««^Juil 4 1 jl 

Jp 40 ^iUl ^ UjL- ojjiJiIl 

(A - ") r ij j^ 1 lil : JUI Ji^Jl Jp ajunII ^JmU 

Jp ^JaJail (1) jioj 4 D 4 L 2 JL H aUaJI (1) jA 4 43la*.» II ^Ja~nj Jl iaiLJl ^U-JLlI GD jli 
.((A . \\) JS^JI) IJ ^ja jUL ^uail IJU J> Jkwj .H ^ 

J* J*i Ui' j . jUiL*>U jbULI veils' ^jA 0 jj^Sfl J UjLJI 4 JUII ^JL^Jl ^1 

LLuJ ^jiLuliUa L^J j-v^Up aJLaII oJLa ^ Ji*-JL> 4bli 4 4 I^Ij^ 

Jl 4 yjx Jl ^ 4 JU 4 J A) y>iil 0 ^Jl Jio JjL-y oJL* 4 i)Ia4 pJJl~ . jL^^ll 


. JjLJI (0‘) ^Jj : Jail .*JUjJl iiL-» *j^aA\ (oY) 

J^U* Jl £ j+ j& ijtJLtajJl x^p Jp jjI 1 <4jI J l aJLaII iSJIjJL II LIJI (^Y*) 

Eilhard E. Wiedemann, «Ibn al-Haythams : LiJ ^Jl ‘ ( SW \ _ Hr A 4 [ . o . 3 ] : aU jJl^) 
Schrift liber die Spharischen Hohlspiegel,» Bibliotheca Mathematica, 3 cmc serie, vol. 10 (1909- 10), 
pp. 393-407, and H. J. J. Winter and W. Arafat, «A Discourse on the Concave Spherical Mirror 
by Ibn al-Haytham,» Journal of the Royal Asiatic Society of Bengal , S* 1 ”* serie (Science), vol. 16 
(1950), pp. 1-6. 



• <J^ ctf' ^ J * J* f J*** 


jup jj yj jJU J| ^L-i^VL jiLdl c^li^ y® oJLa ooLmJI oJLLa ^JL_^Jl yl Ijlj 

-Xi (j!5 a L^ I ^ 4j yjvZilj t$K AlJLa 4 JLpI j3 aJLp JJj 4jL*»^j^J 

ya olij jjtllj 6Lp yJl 6L jjLiJl ^aIjj . 4-ijL-Jl <JL>- ^y J^o L *-5 

; Jj U Jp JfM* y lj 

( y L$»«^ £ju aIclaj ^y ^%-UljJlj 4 ^IaJLJIj 4 Ja^LiJl ^L*JtJl <jl — ^ 

Jl SJu5 Jjl ya f- j-MflJl -Lflj LI ^Jallil ya ^Lw J L l I <^>j!Aj $ 4 — Ju j JL-JJ 

JJI Ja^j Jl oJL®«5 jJLSl Ja— *j ya * j~JiS\ JLaJ LI |*JaLJl yP JL*_L-jj 4 ai^5 ySl Ja-uj j 

. (iilkdi aj yJl) ^^.nS I * ^ 

6 jJLSJ oLL^l J./adj J^» yl 4 jDL* LgJlp jL^ ydl ol jJoiM ^Lo 6^ cl^-j j 

a 4ato^a^)t 6-Xpl ^5 ^ Ll^^ll y*J «a»< ^ j j dl^> 4 L »*d< 

Jfl^< jJl < y L)Jl>“I LU ! Ja jjL~.11 LI JJ ^a j^L^a J^JLj cJI yulVl Lljj ^ - * U _ ! 

LjlJ y* rj 4 Ja jJL-Jl 4 _jjlj yb i) d! > d 4TI2 Ja— jJl y l-La-a 6 j -£ j ii' > i *,ri\ 

.(d=\i-r\ 4eilyL^I LJj y <fj 4jL^Vl 

! J$I jl JUL-j ^Ly ejl y*jVl Ljlj 6li 4 La jl jJL^ Ja jJL-Jl 4 jj1j Oil j LI — » — J 

. d! — d <i* — i Jp j 4 d! > d o j& <*i' > i cJlS LI 

Jp Ji «/a.>o 4 i < i f cJLS' ISli ^ Ja jJLwJl ^L^jL jL-fc^JVl ^jjlj ^l^jJ - ^ 

y > r 

crii < n 2 4 UaJLp jJLSl Ja— J JI (aJL*-^) I la Ip JJl J a~* j ya f - j .^a ll jJu LI _ ^ 

2 -j- d j 

jL*^a>oj cc? < — - — Ljca d)j^j 4 Lf ~»£*]\ JliuV I ^yj < — aJIJ-I O j-A ^y Ln-a Oj^j 

. 2z > r Jp 

d)t jU ^Jl cJlL« ^y jj 1 LfpU? yJI OpI ^ ill JI ^yl ^jju - -a 

^puLj 4 7 ii 1 lu»j y> li!>Uajl j-saJ| IS| <i! . *LLvoJI ajIp ^y yb vlllaJl 

yj-A ya Jidl cJIyiJ'b/l ^[jlj 4 -LLx^- LaJHp 4 / 13 ^ n 2 dryLLi^ yJa-^j J| 4 ia j.L—11 AjjIj 
ya Uaip .Jutl 7 I 3 Jo— *»jJl 615 LI 4 . (aJL^^Jl) JaJLJl cJ^L^-V LcJ> tiJUij yia^jJl 

jlS' LI 4 ^j-^jJLj . n 2 y L^JLa j^sl 713 y <— ilj-a^JMl <Lj!j Oj& Lajlip 4 7i 2 Ja-^-jJl 
<y eil y>jVl Ljlj 6 J&j 4 7 I 3 ya UaJLp JLtt 7l 2 615 Llj 4 7l 2 ya UaJLp Jji\ 71 1 Ja-X ^Jl 

. ri 2 ^y L^ia j-51 n 3 

J5 y ^jLL,^ d. . .« al 4^».^il ApI jjtll oJla l)L 4 ^ t < ^ 11 y»l aJLiipI 11 



yltf r^ 1 ^ idjL^Vl J*j^Jl jU»J y fcJL. Ifl VI . ( °°Jlj^l 

• a>vP A* jjL>^j V Jp j-b> Ujyj jjiJlj *tUj f-lj^Jl i aJUI .ULrfjS/1 y ^1 <. jJpUlI 

4-la-^ljj La o J J^ 4 > A-~jI jjJ AjuLJ! cJLLo y® L^L^I ley>- y I ^ ^ 

oJ-a J^L>-j . Lj jl Li j . i fc ^ yJa-*< jJl y» J-pUJl ^la .Jl jlS’ lil a^L > oj 4 jL^oVl 

j^ t ajj^$G1 L>»Jl*JI JLpj (^jj53l j^ulSOl Jiip e , **yi <LJjJL)I 

&Xa A^»LwJlj ^*L£Jl A-*xl j! . (J-o-jo I Jl* JjJbu £• y£Jj * (J j** yl 

* AiJj^ <Li y> && A d ■>■«—<« )j 4 Oj jv iJ l aJLm <1 ^A*£>«ll ^J>s A A. l l IAa ^y ^La 3 fi^j£>- jj® 

yj^aJl jj_vail ^5 ji t*-J t J^JLU ydJl>- yj y*j y! jii i j--*I^JIj Jf\jcj Lyj 

y jl o yJli! A^i-I y jJ l**j ^1 4 AyllL® AiL-^a Jp £jL ^JUl J ikil JbkJ (jJLll 

‘ <00) ciJ>Ji y£Jl jcUJ iJb-ll 4JLI 

A-u*JL*Jl yj| 6 j j ya.U y3 L>* JjClj A_aLd-Al LJ j>® Ajj A^J bJl ^yjjb y 

<j\jJlj l)j^j L®JJP y* j 3 JL>-1 j aJL>- ( JjP j-sAliJ ojjh AJL-jIj.3 jl ^1 . ^,...-^-1 yp 

£yA y> ^~J>- a j j+0 Ajj j£ A-^Jp J^L>- y y j«b j^J 4 y-l j ~aZjj . jJslaJI ( j-*Aj Jp 

A_*jIjJ> y Jufl-*® y I Li ^fJu djL-w ® j . ^jyJL (^JUl jJaJLJl ^3 

l<k ^;Lp < j-Jojj 4 ^j»JLsAAl^ t jJ^ r -l5' ^1 JL>-Lj . ^jajail AjJLjIj jJl Aj JL5^- A^JLftJt 

(_^j jSi Jl Ajj ^J l A^/JbJJ AJLwjI ^JL?dLM*jj . LajL*4 L^JLp J^A> ^jLdJl 

Ujj>- J^JL, a j j-s^ 4 aJU AyljJL* Ob U AJaJtlJ 

• C^J ^iaill 

^-sAjj 4 c5 5w-»!A5^l! (_£ j-saJI 4^>«Jl y Sjji jZX» yJl 4A3 j>A\ S j^JI Ailli» yj 
. jtbll Lulls' y LfJp J-sA>- yJl Ajj ^51)1 A-^*uJ| ^Jp (ji-bj yl 

aJLaII aJu • a*^»*XxJI aJ-A a.L^<1 jj aJL*m*« ^1 ajIiS* ^y a^>- j 

jjJUl y® a ^J_P A-lfl.3LJl j AjjI jlil A w Jj^L] (_^Jj^Jl aJL^SjLo A-mj|j^ 4 J J 1 b>*_» 

jibil c-jllS* y® aS j>-L® Aj^JlP L«y &Jla ALk>»i <J*^->- ^Ju^^JLk-kjj . yjjL-*&V A-^ylilj 
(1) jj\J ( J .L j j! J-b UjjJl JJ ^JJ^JJ . Aj>- ji ^ * j i * Jgj i .^ H yjjljJ y j.;.o t la ; J 

j)q aJ AjjI j^® djl jL>w.® J^J j^***ull f j^jiJLl ^jjJl y»-ll a^pLl^ ^m*jlJ jj^aLI ^jJ-L~>i 

. a 

oL»L5D! ^s.nj < y jl y® AjoL-JI aJUII ^y ^ t . g 11 yj| J-*-# L<k-£j 

y L^y AjajjJaj aJL>*j aj y«ii » j^JI ajLIjj® y ( jJ>jmj aJU 4 jL-»5sjVl J y>- ^ j^“^l 

Roshdi Rashed, «Le Discours de la j 4 VY T _ VY • y 44 »>iJ jJL-jall 4 <■ i g la i : ^JaJl (0 i) 
lumicre d’Ibn al-Haytham (Alhazen),» Revue d’histoire des sciences, vol. 21 (1968), pp. 201-204. 

Rashed, Dioptrique et geometrie au X* siecle: Ibn Sahl , Ibn al-Quhi et Ibn al- : j 1 a — 11 (^o) 

Haytham, chap. 2. 




U - ^ M (Jj 

yUaJlj jUaSii >W ^ jJi jus’ 

. (^M 4 4^ 4 jlj4^) 

u_iUaju1 Aj>U^ jJfcljiaif {jA 

jl ^Liai^l S ^>*i! i j£3\ dli* . iiLLlJl l j£3\ ^ 

jjJt cilLj <JvJ A oJla . £^)Jl til ci^i 

*r^' uta=J ^i 


Act 



jj j <5j-^ ajL^p V* J-Ud iS-^ cj jJl yi . ajjUII 

oljj c j~*JI ^SJl SjX£- L^lSLaL yJlj 1 OJlb Jl a-***jJL ailai* yjO yJI <~u y^ill 

c o j-A jLkjC-*>(l Jl jJa-sAj LaJllPj . ^yJl oJUb *Uapl 4 oN Li-I ^ 1* » * ^y t 

Ujji o I J-a L «1 . jl ji>-lj jl^r^ a*Ij ^ y«il • y aJLA-I y* 

<-J UA jJl jl jJLj SI 4 i]l JL jT A^dii A~*JjJl A**jL*il Lot yA (JjS/l . JlS/l Jp 
4<JjSfl 4_w_~Jlj 4 ciLJt jj3 y» 4 ( j JLx-Ij jLiJl tww— Jlj oJLpli J-K-J y^J ji 

OIS’ 4 6 Li jS's b» Jl bbl^l 4 lLUJJ . l^yu ^j <_£ j— ^la *j y£j ^1 iL^jyoJl Syp-S/U 
. y^ikJ ^feldl * — >1^5" y UiU y)l pJl jLpVI j\XJ i*4i jl |»JL^Jl yl 4pU Ol 

^^jLaJI yjJllI JUS" ! UjI j 

" 5 a «* 

y jji «■ J^L>- <_£ j -^ a.J l cl^>t-Jl ^jjIj ^ * : $ l l ylj J 4 — ' yl Llx^Ij JjL) 

?c--> yJl f-LJixJ! y L 4 -jjLflJL>- Jp 4 JLpI y jL-pLjJi L)Ijla a ^Ij U ytl y L*i . y*jJl 

?OjxJlj J>-^L]| ^ j . pJ l ct-^fcJl Jp a-pL>«j pL^Jl yl ^^Lpl yb y L»j 

LlJ JLil . yJl J^mJI ^y^i-A J^ ^y LiJl P’LlapL 4JJfc| jJl L»l* i^Aax LJ ^-»^««.> V 

viLLoJl jJluj pjL^. jl£ ^ Jill (jl^JuJJl ap^mJ ai 4 oblj^-l 4 yl 4 — >\z£ <1)1 L*-s3 

(^JJl J 4 jJLp jLiJl j y!l JjIjIj jJLp j jill {jA jllll c-1m filll jJabll |J-«-»j 

^yj . A3 j^til ^JajiJl a^jL^x ol ^ll ^y jU-j^Jl ^1 <L.^**£ 4 ^ j-^1 VL^-pI 

l»JLx_> p-i^* < 1 )L$' (jjJUl 4 p_p- jll y I yA ^IjJu y» Li j-*-Lp (jLtJl <J yJl 
JUJb^iJLj 4 »LS./alj ajIp y y viJLLiil J Jp jLajJI Aiilixj yl •— >liS^ 4 jJpbil 
Ijj Jai*> (^JU jUkl Jl cJjy jIjSII a J i-A Jl LjjLil jl . ^ ^pJL-^Jl yl A>w~J y li^UaJl 

jl J| U-^jLaLp- Jy y aU-^9 oJLS* J l ylj » yl 0 LI 1 S’ d)L <MI 

l$ y~l a^_>- y 0 jLtVl j . (oly^x yp y yS^l aJp ^1 J$— * yl aJUx ui Lt.r 5l 

- jJoJl yjJl j^a'S 4v1*p^-JL1 ( j^j |tJLxjdLJ a «p-ma >Jl1 4_*jl£JI yjy ol Jl 

. y 0 J 3 I y lj y .«»«l oi 4 (^* \ T V ♦ o) 

4y jLaJI yjJl jLft-S* Jl 3yJ pJL^Jl yl A^ j-La y LJl oXpj A^L^» J jl jl 
4^ Ail .{\r\<\ yLi/ jWI jyir \T y Jyiij yjU ^ y f \ Y IV a^ 3jJ^ll 
. UL*4 IaSUj L^_iJ U ^1 4 ( ° V) r l^Jl yV >bll J «A*P-ly» ,Jla 

(J - * y J • j^JI A.^ii ^ILxJJ (_£ y-l oVLlLa Jl A^jJlj 4 ~Jb Jl *3 L*^ 


.cxlii ^y> Jl cxxxix ^y» y lA—ij jJL^ail (fi*\) 

:^jJl iU j-i-^) cy'UJIj jUj^l ^jJU >U1I gju t ^jUJI J-J-I _^1 ^.jJI JUJ (ov) 

.(^^r* . \*ta/.> ^r^A- ^rtv ^jUi ;yu ^ ^k. 



<*-* C jVfil d^LLliJl 0 -La ^ jLLii £-jlj Jij . £ji 

11 a JIj . o* j* {j? ^^a L*^ ! 4IL-- <*!**>■ t l ^~\ 

5 ^ ^»JU (^jUaj _ £-jJ ^-J>— ^9 ■■■ 1 Jjl oLS' ij _ ^11 

4 -.la.nJ c |>t-;^Jl ^j! <iiiai (^lil C->i-Jl ^^jLiJl wT.«l tdJUS ( J^' oj^-P . jljjVl 

> Ljiii ^ ) l ^| AA 1 I ti ! JL) 


j L^ouU 

* r V< jg ,<i;i % »-' 

'i ijr. 

j^U'ou^ 

&{Ajj Al— ' 4 Wy • -v^* i-rlj ^Jayi^^i-'i- 0 UJ* 3 * 

*•** iM>itWo u ^ rsi> li 

Ur j,C 

&)L£A»* i *IV^^Jl. Uli^ W‘^-- i'^i lj-*^ *t;,/|| 

dfc&i^bS^ >^U06 o^Uv^i^-r 1 %(^4;^^»tax>VAi 
^ tfguj jy f o i^oy-tr oU-j i^X^j 1 k ^' 4 -ibZj. 

j*& 4 7 * A* U*->) tOu*^v*j * 




( d — ^A)|*iji j^aIi 

jSUJIj jUjSlI J^jll >Lil g^tt i^jUJI jjjJl JL* 

. ( 0 M t jtA— -f—i 4 j| ^i») 

(jl ^1 JJ S ^ uil' JIS' 

. <Jl$Jl ill — * UiJ j j (Antoine de Dominis) u -^ 7 * j * j* 

. ff-Ui— il <Jl^J I * (^w : JJ aJLaj 


A«« 


tjLal C~JL a~j!j 3 4i j^iil o I ^JL^Jl ^jjl aJLaI a >- jJt ^jliJl ^lapl Jij 
l4L f^" 4>" * ^la " >» ? V"jjl j->- J-P- jUJl c!*j>w JLaJ . I j jJaj ^L^S/I j-* aLjJs? 
JUL uJI I jIjjj J^JLJl Ujj JlaJl ilJjVl ^ j~jC.1I 

OLi j^-1 a^_>- $ <j-o J»*£- (jJa— /j Lijj Js? jJL-» cJI jj>«JV1 

CjL>- j3 JLaJCl^-I ^ .. Ll »« J T ^.3 — CjL^LaJI ^3 ^j-4 j*k.+0 3JLp IS^UaJl 

4 [0 j 90 j A^bMUl)! > Ajj . A*jLkil ^^UjLlJl Ajlj ji? L ** " 1 15 4 A^bMUlJl 

^ ijjJ-l SiJLCU i-lljjj ^O 0 ,^ 0 ] <>~JJ\ J* UJ\ iJljb f(i) = ^ illjJl i_j jli ^ 
J* UjU ^ L* J-A, ^ . [OVO 0 ] JLiUl ,> V-jJJl 

<1)1 (jv-JL^-lil ^J-P LajU 4 j->-T ti = 40° A la 2 »ll ^3 Aa^uL) Oj£j <1)1 J jS/l <jjjj8.ll 

( jv^JiAll AjLjJaJt 6 JL& jIjCLxI Jj ^^jLill <jl . AiaJc]l fiJLfc ^ (jwLf L) 

Jj ^SsJj . ij* j ~~dJ 3bu*^l A3 j^*ll o j£l\ (J j>~ 1*Aa A>- j*!* 

o j-JiLlI 4-^ljjJl ^L1 4J otjJ 4 liiJS ^^3 pJL^Jl 4 4jjL-JL>-VI j~jL*1I 

Jix frllb s^jJUl ^1>->1I s J & li : goLJl aajjU iL jj* ^ 4 5 y*UiD a.lfll j 

Aa-»Ij«U a-JL-Jl ^^jliJl ^Ua.7.^1 Ls^Lj SJlSjil 4j jLiil 6JLf»j . J-^“I s Ijja3 

^ jiJlj (j-~o ^Jl ^ ^i)l 5 d)Lxl^ul jl L^JLU^j ^jjL^iCl 

• ( <y^ a 4 <y d\j}btt 4 

4 |t- ^ fril ^1 (il Ui-. oljJV 6 ^ ^^jUJl J -*y Jjj 

sJlaSj 1 L " ■ - *- 1 <1)1 ^Lkl^l <Lt.JJal1 5 4jjj£ ^IjLtti . 1 j-A ^3 

jl jjl ( JIaI j aJI 4^*jJLi . A-o j-sa] 1 ^ij jjaaJI A-^ij 03 jJl ^ <l)lJa*j^ jljjVl 

jljJl ^JUJU : dyu tllli {j* ^jL«Ju f j^jli\ 

i£ jA f- yj> {jA \L>Si- ^j^JllIj 5 J^i-l J 5 jjLsaIIj 5 j^ai~\j A3jJ Jl L^-i AjjliLa Ailil^ 

. ^ ^flL» ^*.4 (^SjZj Lw jl ciliajuVlj j *#. Jl 

J5L^ o3 Jlaj ^l d)l ^JS/U ! pJL^Jl ^1 A 1 j ciillLA <1)1 4iUJjJ 

4 dJUal^jt 

. ^jjJiJl (JL«^ L|« L <hl*>«^U 5 Jj»l^*! jLsai>-L> oXa 

AjLh_>-I j-a® ^IJLLaI ^J-P- ^^11 A_P y-*^T ^ * - «4j Olji-^«J^/l oj_A ^lj 

cjllS' j .~ A jJ ^Aj± ^-?WlJl AjIi5 jLLiJU . Ajj-aJI ^ l i JLo-pS/ #Ajb>-jjJij 

Rashed, Ibid., pp. lx-lxviii. : ^JaJl (®A) 

Roshdi Rashed, «Le Modele de la sphere transparente et 1’explication de l’arc- : ^_Ja_Jl (° ^) 
en-ciel: Ibn al-Haytham, al-FarisI,» Revue d'histoire des sciences, vol. 23 (1970), pp. 110-140. 

.rrv ^ it ^ 44 J; jjuJlI c^jUii (no 




OV- (Jj 

jL^bS/l ^JpLU ^1j 4 ijLAil ^jjjJi JU5 
. (Y 0 t Li U ii» * J ^.'.la. J) 
t a j£3\ ^ ixJ-SlI cjUajul (J j>- j^-L^JI Iji ^^jUJl ^jdl JL5 i_i jp 

dDij frllL a«-jJLc a £ ^ jLii»1 L^ljJb fli l Jut {j* A'IjljIj 

. 4jljjl_j *K-ij : ^jS a* j* ^ j <■ -iS j& ^ Zj*\& 

. 4*^JtP A j^tU? ^jJL! J-a-A luJ ^J jUi A <J_jVj 

. . . 4 20 ° 4 10 ° Js>jJL^ Ujj U-Lj iWLJl <*-i\ 1 ojj-jaJl aJL* ^ (_£ JJ 

i j jj4j ^jl>- ij (ji Lto- <JjL*£ i— iljjJl A-i> ^_5*j *90 

. LJjjJl a Jut a^A jb-t Jp N j 4 luVUU ^Jlaj ^Joj «Gauss» 


A*V 


t 4-J a3j_>- jil jl£il J I^jLj j oLU ciJUS 1*^ ipJL^Jl jJpUII 

t ol-ft^j (3^*^ a**»— >^J l I ^Ll i^LaJI > l.*.* ««*j Liii jl ^ i l11J*LS' ^ 

jl >— fl .. t" -*. J jl LJ d)L> T .4^».i L^fSJs t ( JJaJl (Jl jj^Ull -j L*_jJu 1 jljULllVl jlJLft 

* t * * 

^IjjJl jl V| . ^ Y* * • 4L**> (Jl ^jUll »— iJj^« <uliS^ jLxj v— 03 jij jl jJiLil pJLp <L*<Ij 3 
I j-* LfJ j-*J ^iJlj k— >tlS” JL«j OfU- ^iJl t j J ^ .^U ^Lio e ^- ojdl 2JL_>- jJl 

/_* ^AY a-Lwk aj->fcjl (^jJlj c •— i j j-*-^ jJI uiLLaJl ^ILp v— jLlS” JL>«1I 

jl j L _^ jUJl j-jIiS' ( j^>JLj Jp aJL^p ^ j-sai 5I li-ft cJ j y«-4 ^1 ^ \ o v i 

V^ 1 <*' c-jllS" Ajj! C-J 15 JLd3 4 ciDi j . 4j 4+0 A^L-** AjI |» JuOj 

cLjjjI ^ t a— j^-wJl aJ<JJI jJc> oUJ 4 (_£ j->-l t y£lJ ^ iJSy* uu 

. <LlJ^Jl AaJJL A^Ipxjj 


C JjJ-u-I >L1I ^Ip ^ ^UJI 4^jUJl ^1 y\ Ji-Ul JUS 1 y> (1 ^ ) 

. (oLJ--. 4 T • • 1 4 OjP 

c jjL— S jl <Ue» jJaii) jUaj‘S/1 otfJb- JJ*J jUajS/I otiJb- i— »b^ 4i-ijjj4j» ^ OY) 


. ( \ ^ ^ 4 4 jJ$^ c^i 



jjjaidt CiLjuajJl pic. Sliu 

•T * 


< * ) J—'j -1 <-b* 


. A^juaJI Lf AJJ * ^**5" iillA® 

( 1 )j-«*jLa . j . ( 1 ) 

Uju ^jl_>- ^Ul <.( N ^ N r _ ur<0 (Munk) JU^ cJl JL: <fl Jl^- 

1 P ^-J jlj ^3 j Vi.P Aj LjA 4 OJLpxil ^LajJl 0 jJL £ ^3 A^^LJLII Ls^-IajI djLlgl A **i*)I I 

Jju |t-L^ t jJL«Jl iJbh JI -OS' jil j>LJI lLL)^ *l^>~ o j-Ju Jloj . oL j .. ^ J I 

^ Ui' . Lj* J lI Ji^yi OUT <*~i> juj^ ji j. 4iJij3)fi ^i {a*: Ji 4J^- 

6 j-JLi ^3 jj£ liLa» Jj 4 ^lL*Ji Aj J j_> LJ La ^LajJl ^3 £-ij K^j-jU (Jlj^^Jl JLx_> 

? Ajj-saJI ^La Jill 

4 ^LajJl 6 j-Jt3 ^3 -UliJl J-P pjUJ! 4 AjJjJl j5"!j^ |+..,la.*.j ^ dl dd.A ^.4 Jij 

S^IpI (Mo* _ ^ M"l) (Descartes) OjL£j 3 JI v_— J JL 43 . ^jjLJI j-p otajUL* 

jLfi-l (1)1 JUilAJ jlS ' j . Aj J l lLULmII J JLlJ Jp aIsJLLj aJojjJ A^^-JLII fljj ./3 ll ^—JaJLj 
^jjJl 4tt^LeJlJl ^3 6 SJjljJlD diJj 4 Aj jj j 4 . .^ll oJLfJl ^j3 ^ j.^a^ll 

^ ^ {£jZ jil J^LjL-Vl S^LpJ 4 aa ^L-dipVl iJL - a *\ jjj . J— «JL|j 

.ix^yi sji>ai oi/y jji _ ^lx- t «A&M» a~u- 4^1 j ^ (*) 

• 1 ^* Jl jil^l -*P Aj j J-sAdJl l-Lk A>jL ^LS 

Stephen Lucian Polyak, The Vertebrate Visual System, 3 vols. (Chicago, 111.: : j 1 k ll ( > ) 

University of Chicago Press, 1957), vol. 3, especially pp. 147-152. 

jJLjail : ^ < l Aj J ^Ji AjjlaJ* t Oj1^j 3 I ^Jijl . \ • £ _ \ * • A-^U>mj C Y t A- — 4J jJLsJlil (Y ) 

. nr - \ o ^ 


AM 


4 ^ ‘ 



^ 5 jy* ol cj jL^jj JJ ( \ nT * _ \ oV \ ) (Kepler) jJLS' 

A.la^J ^|p La ■■»—>- aIslAJ J5 OJ^UaJI A5 j «,aI1 AaAV) j5 ^jlJl UJlU-I ^J^2jL> J/uJl 
^N*Jl ^ la « « 5 i 4 * ^ 3 ^ ^-Aj L « «J 1 il^lj^la*.. Si Jbui . A» 5 ^mJI ^a aJLLa^ 

(Felix AjjJaJ Ia3^ ^ - Lp ^x/LA ^_|p) ^ ^d»Lk«^ 

<j J ^aJl oLJVl JJL£ J-moj L5 . ajJlU-1 Jp ULL* ^ Jb,i.t.-Jl 015 U: : .» i Platter) 
5^5jaJl^ Aax»^5jl1I a 5A.L]I Sj^^aJl <3?^ <JjL^ cJlS’ a^sLiJI aJL~A1 jp 

O-ajJ JJh . aJ£jL> jlaj ^ A^U A~aI 4 la a ..A I Sj j-N*aJl ^ j^jL« ApLv? AlLc 

L®5 . j l a A l a_*x»L>- a la.^1 j_> ^ILkJI illj^L a-ILlAI a^-jJL2JI LL$C JL<Jl1 LjJl>- ^A>- 

. oUj-saJI |»JLp AIJu ; ^*JLpj * j+aJ\ pLj-A) 1 g >0 c cA>l^ 

! aJU! oliaJLl Uj A^a^L^^/l ojUaAI ^ ^JLJl IJla j 0} 

{“jAJl jp ajjjjII oLjJaiil t oL^g Jl ^JLp J-J L# ajJ jJl oLjJaJ ; Vjt 

$ A^li-frll _ aJU jJl 

^ oljjlalll aJLfc JJD J*}L>- ^ SJu Jj>- j-s^llP ! LjU 

Sj ^ ^ 3-1 1 JalAj jJjUaj ^-P Aj^Jsu AJIpI J^L^- ^jA Aj JlJLaJ I AjjLaII '. liiL 

. ^ ^Apj oL |fAJ «w*-5 jj <J^^- aj«^*JI 

oL^JI jOp JJ U h}J\ £jlj& :SfJ 

Ai J-Ai la. A jJ A^>*J-«U ^JLJI C ^wsJLJl ^j-P j j.sPl!lj Aj J jJ! ^j-P ^Jl j j -vfl-Al jjlj 
t L« tf^f***! (l)i . ^-^Ijil JL-N>-J A^U-I 

^xL^jJl 1 -La vl^>- C 1 ^j-a AAllaxil 01^5^1 ^jSLjI^A ^jA LC Aali I ^1 

C JlLi-l j Jt-w. JL| ^v^jj ^LaJ! J i . o jla- jJL jl Sjl—JJli jl C Ajjt jJL lLw-L^>-l 


Johannes Kepler, «De Modo Visionis,» traduit par A. C Crombie, dans: : j la Jl (f) 

Melanges Alexandre Koyre, histoire de la pensee; 12-13, 2 vols. (Paris: Hermann, 1964), vol. 1: 
L’Aventure de la science , pp. 135-172; David C. Lindberg, «Johannes Kepler and the Theory of 
the Retinal Image, » in: David C. Lindberg, Theories of Vision from al- Kindi to Kepler (Chicago, 
111.: University of Chicago Press, 1976), pp. 193-205. 

: . ©jl>- ( fp L-»lji i aJLSII aJLa y* illj^Vl (O 

Gary C. Hatfield and William Epstein, «The Sensory Core and the Medieval Foundations of 
Early Modern Perceptual Theory, » Isis, vol. 70, no. 253 (September 1979), pp. 363-384. 

An* 



. <0 U. o\ J Sw Sj Ijji J_^l) ^U-l OjSi 

^ j <w3l Jl ( jy> 4-uL 5 JUJl^ JLa3 4 (J ~JJl AJ jUiLj 

(juii! 6j Jl3 4 -jL 5 JbJL^- jLftJa Jl 4 . ...*.llj 4 4***LtfSfl aJL*JlI CUjIS' Jjj . 

J-s^l j-i)l jlJiii jLipVI Ji>-Sll £-<• oUl Jp 

j JiL* ^p LLjd ^lJL>*i^L J«jo ajJjJI j! d)l5 dUJJ .j^UaJl 

. y>\ J a~*»j J*lp J^>- {j* 4“l 

JjL-j ciULiS'V oVjUll iLJ~S Jl OL jLu 4 JLJbj 

d)| . ^JLll 4 -w*<L>- ^ JjLjJ! f U>. »,.«L vlUSj 4^J Jl ^ {j?{ 

l+^JM ^j.4 c-5 JlSjj _ ^ ! aJ?L jju jLipVI oddull oLJl5L«yi 

jj^i I j_a U.5 j . |*—J-I j_>«J 4-i j-dj J aJ_>- S jJj _ Y $ 

. ( V^I ^ ^ cfr-^ 1 illj^l ul5 ijJJl Jl a—^ 


(Eidola) jJbp) hj laj : 2>»-J JjjJaJ - ^ 

YV • . Yh Jl j^) (Epicure) jJLjI <1) ^j_>jL11 UjJ> ^Jl AeJxJl J Jl? 

jJl *jla ^Jd, ju j . oLfclJVl {j? J*^l j~* J-^-**-* ^1—^Sfl d)l . J 

oL^Vl Jp 4-laiL^ 4 oljJJl a5w<L*J^« obtU jl c Ja5*j tlj-gJl 

aaJjlJI a-JLpS/I oJU . alp oj^UoJI p — J-l Jp 45JLf cJlS* ^JJl jjJLllj J5LtJlj 

^LjJI IJLa Jl j^aJl jl 4j j-»ll i j-«j JjJjbj . 4_JI Jl (j^p ('b/jjul sL« — Ll) 

. Jl ^fOjL&L-i J5 v-^1 jj j^iLl! 

IjJxjI t j— tLil ^Lq.iJL J*_mJ L^il (j -* ^ *<*' ( _ r -JUl a-m»L>- j->-tj t jl a ^. jl <— JL (o) 

ijjiJl jLjc* J y*~ LliLi ‘De anima (435a 17-18) 

Richard Sorabji, «Aristotle on Demarcating the Five Sense s,» in: Jonathan Barnes, Malcolm 
Schofield and Richard Sorabji, eds., Articles on Aristotle, 4 vols. (London: Duckworth, 1975- 
1979), vol. 4: Psychology and Aesthetics, especially pp. 85-92. 

Alistair Cameron : JaJl (JJLojL y*j JujJJJI jj^aj Jl J L}jl J j->- LliLi (1) 

Crombie: The Mechanistic Hypothesis and the Scientific Study of Vision: Some Optical Ideas as a 
Background to the Invention of the Microscope (Cambridge, Mass.: Harvard University Press, 
1967), pp. 3-16; reed de «Proc. of the Royal Microscopical Soc», and «Early Concepts of the 
Senses and the Mind,» Scientific American, vol. 210, no. 5 (May 1964), pp. 108-116, and 
Lindberg, Theories of Vision from al-Kindi to Kepler, pp. 1-18. 

Edward N. Lee, «The Sense of an Object: Epicurus : Jkil ((eidola) V jJbVl J y- LliLi. (V) 



Up :dJI Y 


\j * aJI ^U-iJl — 1 


*■ * 

A*-il jl djA* A.^1^4 Aj J aJ ^^P JjJlJl (£jj ‘' a ~ ^ J| 

(1)1 UlJu ( j^jZJu jlij . (_£ j^aJI ( j^L«*>-yi AjJLai 4 ^-mJ-I ^*Lx J>-Jij Ajj ja j*£* 

AJU-> t ^^xJlLA Ajjj ipj jJi- J^JLj j-JLuJ AaUIm^ JpjJaixj Vl pLsAaJI ^JaJaj V AjcJjV! 

..U.UJ L» jl J_4 _^jj . ^j^xJl -kj ^>*l! ^1 j ^jL 4-i--->*-> t^jjLjiV-il Jl uj^Jl (j> ISjUajI 


Uol^jl U S 4 <_£ y>-\ oLoJ^jj . ^y\]aj» JiLiu 1 9j j>*il oJLpIS A>-L-*p C jJfljJl AjjI j 

LpJJLP Ajj jJl a«Lft> . Ajj jJl JjL>- 9cJa^> a— J l 4 Aj j Jl Ax-J^S/ 1 l Waj ^yJl AjL-Jd 

. ^ -Uj ^>«il 3j JL>- J>-l^ *>«j A*J*>Sfl ^yillj 


( < *dl a^p^LiJlI aJL^jjJI 4 o^j 4 |^ j « ^ < j l ^1 x>o l l J^C>m*j 

^ o^i l ^ {jA ^S> ji\ Jp 4 AjjJajJl fiJLfJ AjLU ilLjh j . A-j jil j 

j* SS 4 aJ *\JZa\ AjUaj lyOP aJ>*U-j ^JUl ^^apS/I ciUS ^^5 Ji*Jj t ^y+0 

Oj^>- Ju*_s£ c5-A-ll ^5-^ Vl Sjj-s^ jl 4 ^Jl jJl ^j3j . o-Lj JjliU £jl>- A-xiljJl 

.a^ SjUl- 1 JSjiJ 4Alkp JjL-tS’ 4 f UVl Jl a*^u 

. 5 jJL jj„sAill I Jut ( . ^ . J Y* * * j»LJl Jl y>~) (Euclide) ^JlJJI u-ju* c~*p.* 

Jl jj>-) (Ptolemee) ^ yUiU ^jLi^-Vl oL^aJl j*1p aL-u-I ^ a jtj^ ^ 

a 2. 2>" aJLa-au Am^Jlla ^OjbVl J?j ij^xll jl <S^>~ l (^ \ i A — \ XV 

^IxJLU j^-dil (J ^ ^oIpIjc^VI aLspI 


on Seeing and Hearings in: Peter K. Machamer and Robert C. Turnbull, eds., Studies in = 
Perception: Interrelations in the History of Philosophy of Science (Columbus, Ohio: [n. pb.], 1978), 
vol. 2, pp. 27-59. 

L-jula UJ- £jJ>yi j-Z ^1 4 AuliJI - JjVl UU2ll j (V _ \) Definitions J y~ (A) 

Morris Raphael Cohen and I. E. Drabkin, A Source : ^JaJi t l $ j j ^ 1 4 Jl a jj jJLI 

fioofc in Greek Science , Source Books in the History of Science (Cambridge, Mass.: Harvard 
University, 1948), pp. 257-258. 

i J-Jjj aJ- 4 ^j JL>-I (1)1 V| L Afrl ^ A Lilli JJ I Ul^lj Jl jl J J^ (^) 

JUT JLjL Kij^A . Jl U«iVl j jli Uj lip ll ^IJCLa^l ft i jSj fs> 4 ( j->* _ j 5 ^jL-;> j^Ljl ^^JLaJI 

D. E. Hahm, «Early Hellenistic Theories of Vision and the Perception of : ^ la Jl . j»— Jl 
Color, » in: Machamer and Turnbull, eds.. Ibid., vol. 3, p. 79. 

Albert Lejeune, Euclide : JaJl 4 A^aJl A^iVl UJ ^jUiuj ^-Uil oLJiJ J y>- ( ^ • ) 
e/ Ptolemee: Deux stades de Voptique geometrique grecque, universite de Louvain, recueil de 


A\X 



I * j * jl AjjJaJl aJLa 4 ^jL*aJl ^UajJl £* <_£ J .,/a Jl / ^^JUI 

AjjIj 4(Jliil ^Jji3 • ^J^JL aLLS ^*P OJlS^ JlJLuj JbJL^ 

JLJLj 4 ^L**>-Sn Axj ^1 L*_J ^LUl llljf^l ^j-£ oL^J <.]?jj>X\ ^Ij ^ ajJjJI 

«/3 «il| L*^l L i x oilt ^)j 4jjj aILm^J I^A .lift ■✓? I ^J|jil t_ J^* A L/1M L 

A ij^JwaJi 4j>tldJl ^*p ^£1 C-ilS" jl J ,4 aJ J : ->; 4 AjLmJJ A oL^Lij p. ...> (jl 

d)l ^*P . (?JjSfl 4 -*aLS ^jp oLa jJLnll ^Jp Ja3li£ (jl J^SLiJl la7 «*.» (jSI u-A^Sli 4 

aSIj^J +Sj <_£ JJl (jli^Ll J ^JuJM tj?i aLpLaII A 3 L-AI A*-^i u^J AjJ jJl Aj_jijJ a j, * ./a 11 A^- u a J l 

(U). 

A*a 

A 3 U 1 I ^Ja.dJ (jl L^. A-J jA j+& aJ jIaa (jl Lo->j c ciiiS ^Jp aj j^P 

AjL j_U t-4-P J pJ JLii dUJU 4 ^ $ ...11 jLwa JJLa L.U 4 p-JLl*w* Jfl->o jll p-w~jLlj (ITjaJI 

^Jlp) LI jll |»JL«J LSjjj 4 a^JISLa a-jLJLJ (JL»-«jl^L ol jpiJVl j- 3-1 Liij LajULiJ 

i^jJLpll ^k-Vl ^ Jp jtfy o^Jl a*^I (jl jUpVI <jl& . <u) (^l ^isiul 

£j3 * , _ ■ ^ 3 -H l^J c_$^>*Ju L yJl 4 jL jiaJL 4LUI AdJ^Ul ^Ja-w-S/1 jJp 

(jl ^L**>-Vl (jl 4 — d^S' *j (_£ JJl ^jaL^S/I jLlpNl I J-* ^ J-3 Jjj . 

_L> jJL-Jl LI jJ ^jL-J ^Jp ^jJL> ^J-^-nJl IjlAIj . LI jil J-*p-aj c ^L£-«J'yL a_J ^a <j j_SL 

A^^jJL 4 A^L>- AjjIj Ap j-P J-A aTj^a ^ jLL« LoJLLni . ^ ' r) ^lJbjVl jl cil^LVlj 

Ajjlj ^3 aT jil L JLLP (j^>- ^^3 . L-jL>- jjp 4_oljJl ^L-iS/l 4 jJilJl aL^I 

^Lw-JLJl c- 3 I j^«j 1 ^j»A U^LLjI j^«Sll ULa ^j_Ja -Lj j . LlmuLjI ^ jj 4 LL 1 a-— jJL a^jL 

^UJLJl (jU 4 jP— Jl AjjljJ AjjL-^a il JJ jVl AjjI j (jl La^ . a! ^ll ^^3 c5 j ^ J l - ^^---a-UI 


travaux d’histoire et dc philologie; 3. ser., 31-fasc. (Louvain: Bibliotheque de l’univcrsite, bureaux = 
du «Recueil», 1948). 

Albert Lejeune, ed., L’Optique de Claude Ptolemee dans la version latine : i JuJLiJl ! yLJl j 

d'apres Varabe de I'emir Eugene de Sidle , universite de Louvain, recueil de travaux d’histoire et de 
philologie; 4. ser., fasc. 8 (Louvain: Bibliotheque de Funiversite, bureaux du «Receuil», 1956). 

David C. Lindberg, «The Mathematicians: Euclid, Hero, and ; jJiil 4 £>-l y Ifi ^^aJLLi j 

Ptolemy, » in: Lindberg, Theories of Vision from al-Kindt to Kepler, pp. 11-18. 

Galenus, De Pladtis : ^JaJl i^LiJl aJL^j jJLcl» L-i JU-3^/1 oLjJaJ jl5J ja^Aj (\\) 
Hippocratis et Platonis, (Sur les doctrines d‘ Hippo crate et de Platon), edite et traduit par P. de 
Lacy, Corpus Graecorum Medicorum; VII (Berlin: Akademie Verlag, 1978), VII, 5.2-5; 7-8. 

Hero, « Catoptrics, » 1-7, 10, 15, and Ptolemy, : ^JaJl cUJil ^ ^ULjVL jJLlIj U-j (IT) 
«Optics,» III, in: Cohen and Drabkin, A Source Book in Greek Science , pp. 261-271. 

«Problemato des Peripateticiens,» XVI, : ^JaJl i^^^JLSLil <J\ y*J> s )l\j Lj^Jl ^ ojLil (\T) 

13, 915b, in: Carl Benjamin Boyer, ((Aristotelian References to the Law of Reflection,)) Isis, 
vol. 36, no. 104 (1945-1946), p. 94. 



L «a-£* jl y^ . 4_*il Jl Jp Jl ^L«fc>-Sfl ^a ^j^Lc {j? J^JLi 

J-^-Ij I^A (1)1 dj * jj-* 4«^L>- AjJ^j <Ul > «JLo 

0j£-* iJlJ-l o J_A 4 4 — <-Aj 4_*jl Jl <>-y (_£ «ll ^LjJl JLj^j col j^oJL) J^l^a 

Jp 4jJaJl o j-fJ aJLajII o jJLaJI ^ |*P Jl Jpj • if ■«*» Jp 4j Ja-a ^^pVl L, op 

.W oijA^ dJUS £* ^ lyl VI coLilj ^LUlj ^ISJjVI JJL. JjL~. 

OijL-Jl JJLaj jl IfJ \*JlS^ 4 iiLJl ^ :\ £-A L a m .>>>11 » LaJL>" *- ->l yaT <Jj*/3 Jl 

. ^ *^Ljalll JjLw» olfal ^ l-X^-lj Jb <Jlj— Jl iJLft Jl JaJ bo j— <L 


j^JIj J lj i 'Uj*oJl 4*J*Vl J ol JJtill — <— > 

jp j^UJl <LJ\ ( r . J r £ V . * TV Jl^) j J*!*iV JjSfl ^>JI Jij 

JyJl Ua wij J^JbJ Ja^pxll ^ya-jliM pj-aJI £■ 4 4-A^-ta jUS" yy+^H ji^" (^JLllj 4 (j>Jl 

^JJlj 4 jlfJl P J-P J Aj^soJI ®jLJl* ^bdjVl IJU0 JS-Jb LaJUP 4jjjl * jt— J*lj 

JaL^-I jLfsA*Vl jl . La (Jl j-i} jj^l-C J 4 L-jUxla I J «/*'<£' JSwJ 

. j jJ*Vil A-jjJaj ^^Vl Lap jl^La Jj£ ^JJl J_A jlfJl p y*J>y c5 ; ' I * j-*aJl 

J^sA^ Jj 4 4— JJ p ..- J lj La n )1 ( j+j J^a.l I ^UjJI JlsAJ^ V 4 ciUi Jl oLaVL 

Jlj 4 (Eidelon) U jJjJUj Ijuo Jl 4 p..^.Jb| j^LsaJI Jl j— i^/lj Lva ^ Jl 

Ajj jJ| jl ^1 t^J U- A^jJLoIj A^Ual Ajj y*0Li O^JlS j t— AJ yA JLi J . j^J 

A^M^JLlI AJCjJaJl £ * jJl J-P viiJSj L*y+0 Jj^-jj VI ji V 

^ sjl^ji f L^-Vi Jij^i yLw c i^j ( y£jjij jl t_4J ^ll Ua ^p.la.1 * -iy . ^«J*I j ijyJl 
. AjLjiVJl ^l^->aVJ aJLL5J| AaJmiS/I a yS' ^ y j Aa Jl * ^>«JL)I j J$ 

La y^j ^y^AA £LA b>- y}yjy^ l y-^" AmmmJJI <ZJ L> j lfl *. Il Jl I ^JL>- J JLa3 (Jy*i\y jJl Lai 
LfL>j jJUi Jl*_»j 4 jLJI y *\ J 4 Jl j-a La jJlJI pJ *J-Jl ^yai .(pneuma) 

^^■JLlj jyjl ^-3 1 ^Jl P-l j-fll ^ y*S> AL^ m j» La 4 L*-£- 4 Pj-saJ| . ^%— m-J- 1 A^-J^alj 


Galenus, Ibid., VII, 5.2-6. : J&\ , JLiJllJu Jp Jll^ (NO 

Platon: Timee, 45 b-d, traduction : iajl_p- ^y ajj^JI J _p- 0 ^l»^iV ^ j-a>o ( ^ o) 

fran5aise (Paris: Les Belles lettres, 1925), p. 162, et Theetete , 156 d-e, traduction fran^aise (Paris: 
Les Belles lettres, 1924), p. 178, 

Crombie, The Mechanistic Hypothesis and the Scientific Study of Vision : Some Optical Ideas : Jail 
as a Background to the Invention of the Microscope, pp. 6-7, note (9), and Lindberg, Theories of 
Vision from al-Kindi to Kepler, pp. 5-6. 

Hahm, «Early Hellenistic : Jb J* dybyulSl vl^Jl o^JaJ < _ 5 — ^JJl ^yb-Vl Liu! L fJ y (N*l) 
Theories of Vision and the Perception of Color,» pp. 71-75. 



jj- 4 J-* j-P el^Jl jl jjj^l*b j y~*\ J jJl jlSj • l *A ^iJl <JJ Aa3JU 

^UwLm'VI ^^p J-Uj Vj cL*j^Jl ^btb C*^- yy± jl ^Jal««b V <11 <hU*>«b 4ojl>-jJl 

. jy«Jl ^ 4^blj £-Aj Ikj U jJbJl ^jjllj j^il el j^Jl Jl^JLj 4 iSbjJoJl aJlf-j . la * -^a 1 1 

(jL- aJo^I jyJl JJLJj 4 k j^>*ll SJLpU JJb>- ^ a*j I jJl aJ ^11 ^L->-Sll illj^l ^JJj 
.*..1 aUaP ^a-P-S/I L^*3 J^bCL«b aJLjJoJU aIjU aJUaJI eJLfcj . k jJcsull el j^Jl 
4 (J ^JL1I Akbljj t AjJjJI Lsiul j^iljjJl jjlS US' . a Jb £jl>- ^^l^pl ^U- .>-Vlj 

* ^ ^U*dJl ^ Jb (Jl UajJIj A^JtJl (J^->- Juilb 4 4jj^£j» A^»..q» L^j Jl^- OJLytaj 

^^**1 jl aJL* A-aUL ^JLJI jjfc 4 oL j-lajJl eJl^J Liij 4 ej^aJl jl 

jl (U jJb jl IpU-i cJlSl el yJ) 4jj*/a»\\ ojJJaJl ^ l a? ... 7 N e yj> Oj* {j **-3 • |»-~»4~lj 
#LsA*S* -ulJLkL^I JJa-j elj^Jl jS/ 4 ^^JaJl ^ ^UJl jli clJ . el^Jl J Lib 

l.«baP jls j aJU-l eJUh j^«Sll jJLj 4 ^LeS/l (Jl 4 jLmmJI £JJl! j . |» «« ^1 ^aIj ^ v ^^»««b 

. I^Ij!>L^ oJiii jJ ^Sfl 

juUJM 4 T **S' j£\ _ ^ 

a~U LjLL. ( f T • • /\<\<\ - m Jl ^) (Galien) ^>JU- £- JjSfl S^l) ^*k 

^Jp UwMj 1 Jb JLJLI ijklll ll LbJUJa ^1 AajLaIj\ I 4Zj jiaj oJU-^1 SI 4 Aj^^U AI>o 

L-USuu i^i u>Ji jsCi; 4vy <i>Ji oJapt jij .°°uyJi ^ 

jj*-lj 4 aJI A^jJLJ . (jy»JLI 4.3^0. wll AI3 jJCi ^IJLkl^^y 4 JU* <L~* tj U- 4 Ajj ^J l ^ 

>UapSf I ^jp (jU^jJl yfyj CJblb ^jjjb Jl i£>J A-pUjJI L»k jL>»JI ^3 U j.i./3f Ujkl 

^(jJU La jjp I ^jill 4 ajJlJI^^I IajaJI ^Lc (_^.> J l j<maj l * j IS ^^oJl 4 4j j,»/3.J I 

jLS J . j»Lpl ^-bLj 4JL9 j*-* J */3 A » 0 I fiJ-A ^%-j P ii • A j j^aJI 

jl U_»j . AbJ jJl jJJJu Lb>-L>- 4 A^J jJaJlj AbJuli-l j ^ la 2 j»Up)/l jl JLjUmJI ^LSjlpVI 
Ab y^J y*yT^ J "T^ ^J^-ll JJ ^JL^b Abl jLilP V I jLS' JLtfJ 4 Aj^ jJl -JL- H b aJLaII-^1 

«Diogene Laerce,» VII, p. 157, : J&\ ( > V) 

Crombie, Ibid., p. 8, note (11). :<jp Mi* 

Samuel Sambursky, Physics of the Stoics (London: : ^ Ja. Jl j^Jl <Jl « pT ^y> j 

Routledge and Kegan Paul, 1959) pp. 21-29 and 124, and especially Hahm, Ibid., pp. 65-69. 
Hahm, Ibid., p. 85. OA) 

Galenus: Galen, on the Usefulness of the Parts of the Body. De usu partium, translated ( \ *\) 
by M. T. May, 2 vols., II (Ithaca, N. Y.: Cornell University Press, 1968), X, 1, pp. 463-464, 
and De Placitis Hippocratis et Platonis, (Sur les doctrines d’Hippocrate et de Platon), VII, 6, 
pp. 28-29. 


A*\o 






l^l-LLal (f-yji Jl Ijji |jjb (JjLJu 4 *Ij^J| ^ JJ ^LwJl 

4 4«n«w»»L**^-! J 9 j j£- 4 A^>»-XlA jiaj ^4>“j jLj^- Lr^ 

<J* ^ (J»i ^ J*0J J-ljJl ^ jJl fjJj y* Jgj-ki>- ja 

^uJo ^-w^j Jj 4 \*/an> Jg jJcsaLI f\ j-$Jl JjLl*~j 4 jlJLg- cii A^*jJLj . Jl*j 

) iJy jf y** if fjfi c Ur-*-* if 

La> 1 j»^Jgl y * <-^l j* j*-***^*-* J ^^l SJLpli ^<£«L> l- 4 *^--^ 

< j-P ^JuilJJ ^-> 4 jJajJJ y*y jJi j«A» H yf*-> ^iJl ^jJ^-Li-! Aj^Jpj (JJ £>- j-* (^LpL*Jsl>N I Jl 

4^LajJl J| ^j../g“] (Uli^Ll)) Aj^aJI t^L/flP j/1 J A^^JL-ll (Jjji? 

’ < m ^>b 

Jl^Ii^fl oLjiaj — V* 

. A.^».^ Ul oLj jJajJl yS' L^-jJJ JL*JLJ> <^>-L>- 1 4 <LLJL~j J_*_> Low^i j ^ lg 

4 4^15^^1*3 . Lwi (^ . (j TY T _ TAT) (Aristote) jL- jJL ^ 4 Jj VI 51*^11 j 

j! 1 ^UJt* JL-jL ^l 4 i-J ^11 VI £A ti-l L $ ,L* a > j\-*_!l j/ 

JJLc VjJuj ^JJL® a^JLp! JISLiL j>L^Vl ^j-p Lstf-jl V Lo-£ . L»jjj 

c-LsapI aJ^JLl^^o Lo3 . aJl*»p 4 j >- 1 ^1 ^Jjl* 4 a -> ^ _^li 


Galenus: Galen , on the Usefulness of the Parts of the Body. De usu partium , II, X, (Y * ) 
pp. 463-503, and De Placitis Hippocratis et Platonis, (Sur les doctrines d’Hippocrate et de Platon), 
VII, 3.10-6, 4.17. 

I jJdjI l jJLj 4*^1 (J j 4j^L**l (j| <1^15 a— I jjJ 

Rudolph E. Siegel, Galen on Sense Perception (Basel; New York: Karger, 1970); 

Harold Chemiss, : tjvJI jfj J j j jbyS \ yS ^ j^Jl ->- *jj Ikj jJUij U-J 

«Galen and Posidonius’ Theory of Vision, » American Journal of Philology, vol. 54 (1933), 
pp. 154-161. 

: >11 JUpI J ^qjd\ Jl v-Jl ijs-j ji\ UJIB ^u: (T \) 

Galenus, De Placitis Hippocratis et Platonis, ( Sur les doctrines d’Hippocrate et de Platon ), VII, 
5.5-11, 5.40-41; 7.16-8.22. 

^ JJ y -UJl -Up Jkl\ J^rj ^Ifl ^y^j' (YY) 

Lindberg, Theories of Vision from al- Kindi to Kepler, Journal of : (Robert J. Richards) 

the History of Behavioural Sciences, vol. 15 (1979), pp. 378-382. : ^ 

= Charles H. Kahn, «Sensation and : faJ\ 1 j la jujls^ ^ (YT) 



c c _ J Jl L$.-~aj iSjjJaJL caJL^JLj ^yJl iolil <1 )j3 ^y jil ^.-.JL-l 

Sj^LsaII oIpLLJVL yllj ^y-U- jL$>- <l)t Vl . l)JLk!L 4X* la d«*£ jl jj3 


SySJL 4_>J jJl Sj^UJl 4 j\*Jl laa» illj^Vl 4-i ^yj . 4 j jl <a*I jilj 

/ Yl) Ui>UI^ 


J--d3 . 4 j J. y3 Jl 4jy>*lJJ 4 jjj yiAl -1>J jjJl JL> JL>vu ( y»l jPxJL) AJL^j ^y ^yl^i 

4-3 ^jJU j 4 (j yLl! ^y y» J»- 4-— iL**»S/ I 4-s^U-l (1)1 43 Ju 3 Jl3^ 4 

l»j . lij-AJ <1)1 4-5 ^ll ajL^PxJU •«— 4L*^aJl I*!-* 4 4 a Uallj c- j .« /aJ l Sj3 jJa— *jl 

4 IJl£>j . jv-*Jl (J| ^yajLva>- JlJaljV <Jjl )a j££ 4 4yliJiJl »jJJS JL*_> 

Jx»« y> ^WjJl J^-P d 1 .4 4 jyLl ^La-- 1I |t-x»» ^ l (_)y^J (_)I 4— » ^ 4 (J^l 4 4 j j j-ll ^Jla-*-» 

Vj LoL« I jA y>- * j-stfjl ^.A* 4 4 JI 4-~JllJ . * j-saJI jA ftjjh 4-3l. d JtJl L J . cJLLi» 

( yp L^ijjj ^-Ij 01 OljJ^J jj-A (*ly$Jl) Ja-*jJl 4-iLo-i aJU- 4 JI .a 5y>- 

^Ja^> jl Jt>-lj oT ^y (®<_$ y/aAl jl) (O^pS/I 4 UajI Lf^yLLi <w«^j . j^j 

^ ajI Jl . j-^a>-Sf L (0^*-ll jyL yA>*l L -~ jli 4 |*->liM JL*-5J . OlylVli 

. ^ J>-li <_£ j£ li Vj 4 -La^JI aA^J c£^ 

p-p jJI J-p j . ajj jJJ a^mm^^JJI ajjLaLI Ji-s4? ^>>JL1 S I jj Li>-V j J a - x jl jl^il o«JISLA 


Consciousness in Aristotle’s Psychology, » in: Barnes, Schofield, and Sorabji, Articles on Aristotle, = 
vol. 4: Psychology and Aesthetics , especially pp. 3-5. 

De anima , II, 6, 12, translated by R. D. Hicks, in: Cohen and Drabkin, A ! j la Jl (TO 

Source Book in Greek Science, pp. 542-543. 

ijlaJl 4 4-jjil ^L-j^-Vl Ai^Ldb aj^ jU cjLyu (To) 

Sorabji, «Aristotle on Demarcating the Five Senses, » pp. 76-99 and especially pp. 77-85. 

jymJcjt tAjJjJl <> jlaj jjJ oj ^1 jla jl ^I>1 L»Lc L-t'lj (jlST (TT) 

Galenus, De Placitis Hippocratis et Platonis, (Sur les : ^iaJl t«y y j*-— >- J5* JL>u jl ^Li 4 
doctrines d’Hippocrate et de Platon ), VII, 7.4-15. 

^jS' 4l^lj3 lIJJj j 4 4jjL*a 4 a— il ol ^ V jja— »jl .L flT' .j Lt-ilP AP^V 5 ^iljJl 

Galenus, Ibid., VII, 7.10-16. : ^Jl . «U JLI ^ 

Aristoteles, Les Meteorologiques, : : ll jLaJLJI 3JUaj jJL— * jl oLL-> ^y> j^a 

traduction par J. Tricot (Paris: J. Vrin, 1941); english translation by C. Petraitis, The Arabic 
Version of Aristotle's Meteorology, a critical edition with an introduction and greek - arabic 
glossaries, universite Saint Joseph, institut de lettres orientates de Beyrouth, recherches, serie 1: 
Pensee arabe et musulmane; t. 39 (Beyrouth: Dar El-Machreq, 1967), 

Boyer, «Aristotelian References to the : ^IkJl 4 De sensu yj De anima y c 4Jlj_^aJ yaJLidLj 
Law of Reflection, » pp. 94-95, and Lindberg, Theories of Vision from al- Kindi to Kepler, p. 217, 
note (39). 


Anv 



jJl aJLajJl! oljL^cj'yi jl t jl5jJU Jjli jA jydl y* LijUaJl d*Jl *ji a * <1)1 y 

C~*» J 4 iSLJl Jl j$\j JJL-*a J>- 4^Jl oL ^laJ l 

Ij-JL>- jjji-ll jia-wnjl ^1 j_Jrf 4 lLUJU Aj>*_JL>j . LajJ ju jl^JJ iJbli 

y ^li-UJ (_$ j . /o - J l ^LaJLSI LiJ-Jl5L>»j a^jula ££3L* 4L~ij cJ jJI y ji*Jl 4 ^LLLl 

. ^ JaJl S^IpV Up-Vj ajL^p 

j jiJI y (Alexandre d’Aphrodise) j jiSlI jJLiS^I JJL* 4 ^1 jl Jl ^_P3 

JLa3 4 cUUS . |» ..-A- 1 y>ui jydl y* ^ jl LfcJ>LLa l j£j 4clJUl 

dllSj 4 oL jJajJl y *l>- U5 ^ii^JLl jLliiVl Luaj I 

^Lmw>-S/I j y£jj . cJLL*£ la »mj (jl jJ^I) 4^5 Jl ^^ajl.sA.^1 JUIjI l yi^wJU La JU^P 

^LJ JljJ t)l • *■»* 5«~-* Jp Ja^- JjjuI J-p JpjJs- J^L>- ^ JlJLl <LJ ^a 
^3 3JL>w> <+*JU Jp j jJ>JII j^3 4 j\^Jl ^j^a U^LlajI L^l^a Jl>-tj ^iJl j.lfl « 11 <Ljljj 3 Jl>«_1j 

^ jydl ^a La 3JbO *)fj |t— *Jl aJsL^I^j AjJLpIS 
jl jJi . apw>1 j (^^LJl j yii I) (Jean Philopon) j jjjJLi jt>- Jaj <^r j cJlS* 

LljjJl j JLD LuJ *LJll J* r i;^ ^-jj-msJI o^Vl 

Jp A^all j o jJLLl (energia) ^jb jl y >\ ^liVl illJjT UipLLi^L 4 ajjL^iII 

4 ^Jl jJl . AjjL^LI LI jjJl j jjLiJ lii j LI ^il ^ a.».. al^a Jp jJa>»j |%Jo jjJl 

c 5 a 1 pJlI jJ* j.^iil t jia-^jl 4 ~J> yit Ajj^aJl A^-iVl Jl-Ul-^I j| 

LoJlLp 4 aJLmJlI aJla ^3 j L .^jl j ^ j^Jl *3 JLij . I ^ ... a > d jjkLlaJl ^J-P JaLt^-l t^L^Jl 

®a 5 Jl aJL>- ^Jo aJ j>- SI 4 f yal\ ^ j+a* J JLo . jl jla j jDlj *j+ai\ 

j J-Ul jJu Jl 4 «wwjJL ^JfiLtatfjl J^S- y*^i I Li* (®®j-A 3 ^ jl) A-taP^j 

Samuel ; j_iaJl 4 j,ia ^.la 1 11 oLf>j oL3^jl>-Lj jJL*JLj L*^j (TV) 

Sambursky, «Philoponus’ Interpretation of Aristotle’s Theory of Light,» Osiris , vol. 13 (1958), 
pp. 114-126. 

. (T *0 pi j Up-^/ 3 j--* t^JJl (Sorabji) j y* jlSS LajI Jolt 

Alexander of Aphrodisias, «De Anima Libri Mantissas translated by Robert J. (TA) 
Richards, Journal of the History of Behavioural Sciences , vol. 15 (1979), p. 381. 

Sambursky, Ibid., p. 116. iUojI JaJl 

Philoponus, De anima, quoted in: Sambursky, Ibid., pp. 117-118 and discussed : ^JLJI (Y4) 
in pp. 118-126. 

y& tjj ./3 7 j la »mj 1 vL*Lr jjjJLi jl La^LL* y^ j j-** f‘ A t 

Richard : ^>\ . iA— ji\ «energia» yj^ M jl>« iiSy- i y*lk Jl iJ jiL- l ykU a ^ 4 ^ j-^aJl 

Sorabji, «Directionality of Light,» in: Richard Sorabji, Philoponus and the Rejection of 
Aristotelian Science (London: Dukworth, 1986), pp. 26-30. 

MA 



Jp $ pL>* 4 Jb Jt>- o\j£\ AajJIaJI jj k,/3 m ll JL 03 IJL^Jbj 

(_ji P Aj Jlpxil A*j 1 IjL^a jjb LiJ 6 \J-^ 1 IJLa AjUol u-O-JL^jJ . A.Jx*<a jSf 1 

^ aJ.) jtSH\ j^jjJl)! jlSlil jjb j t (^JLl I ^ j^UaJI ^UJiVl j-a aJLi^) 

li^UaJl * jJ>U (fl A w lad** Sjji3® jl) A^P jj aS* Jl 3 j-aj AjJ jjli . ^ jJ-lj *L,r9oll 

fL^rbU AjJl (OljSfl Jj> j-p) oJu*> 4AjJI fL^-S/i 

« ^ (1)1 n « L « ».. > jLiljVl iJUfc <1)1-3 4<JLUS Jl aJLsP^Li . (j\-*Jl Jl V 

.^v ^ 1 

4 -JU ^Jl oL^laJf Sjj jJI <JJLjI£*p _ 1 

! oli Jail I (JA>-3 j**j Jl (1) ^Jl IaJpI ^jJl sZj\>~ j j>ti\ ^rj* 

4 |» >..4-l lij (j^-n-ll Jlj-AI—J L$^P-j^j jjJl 4 A>«— J® aL~JlI ob JalJl — 1 

• ^i! cP*~*i 

. jS 1 U-l>J c~iJ j 4 V US’ JS'S/I kL-LLJIb oLjaiJl - lo 

JJ ^ j-s^J ^L-iNl dr 4 j j-S^ L^j JL3 (j^-nJl JUT 4 <OjIj jJajJl 0 J-A 

AoJli Aj j la i J^JLj V lf-td 4 ^Iflu^jl LaIjLj ^yJl 4 A*— LUl ^*P Ajjloil Lai . Aj J.I pL^df-Vl 

. l^jjJaJi ^JLa Ib-V Lip 4 I^IJL 

Jii Aj j jJ| A— >L jJ| cOb JalJl (1)^3 4 l^Oj L— 3 2 jPllaJl oli^L^-Vi j*P Jl Jpj 

^^LLl ^ Jl jLipI J 4 Ji* J-ii . Lf~uL> oU> jjiJl j^a li^UaJl ojlpI 

. ^jLLl ^lUJl l^y J14U 4 Jl l^l-j (jyJl Jl JiJ Li . ^Sljll 

JjJj A>- jJ ^J-AjJl • jJfclU Jl P-j^fcUlj 4 L-J ji- jj-jaJl I j-A y jZ Jjj 

j-JJo ^j-sA-Jl ^Llp-^/I ^L^p-I C-JlS" 4 «jJU JJ A>«-Ojj . ^ ^eTjl ^^i L-^ 4 j->”T 

Aj^La 4PbJ aLmjIj^ La| 4 aJL*| AjSJjJoj ^Oj oUL^Jl aJLa . A^^LoJLa coLL^S* 

Plotin, l^y Uuj aLPl* ^ ^—>-1] «J<»LUi S jj^osll jt (r*) 

Sambursky, Ibid., p. 116. : Jail .(TV* JIjp- o) Enneades, IV, 5.7 

^JLpj *LaaJI A— » L-i.il J y>~ (jvjjJJl (OVIJLj^ Jl A^JL ipj .aLI SiU-1 J jtxj (r^) 

! Jail 1 A^ J-l a J| JUli^J < AP _^J| J jJcll a JlAi ^ljO«l£ 1 ci Jl A^U-oil 

Richard Sorabji, Twte, Creation and the Continuum: Theories in Antiquity and the Early Middle 
Ages (Ithaca, N. Y.: Cornell University Press, 1983), pp. 52-62 and 384-390. 

: Jail t«pupil» aJ£J JUi-ilj ^^Jl Jp aj^Jl yj Ai^UJl J y OTT) 

Siegel, Galen on Sense Perception , pp. 49-50, and Galenus, On Anatomical Procedures, the Later 
Books, translated by W. L. H. Duckworth (Cambridge, [Eng.]: University Press, 1962), X, 3, 40. 

. (A • ) J J Lfc>-V Jail 



. qM j\ LajI jl Aj lT*^ ^LJadlj 4 (<1) jJ jJbj) 

^j-P AjjJoj *ll*J oJU>- ^J l a1~*j ^J i A--*jI^-I Ajj>wJl j ^^j <1)1 flA>«_**jJ|D ^ ^j^jAj 

C^JjJl ^j^>jj l AJj^a jlS" mLa 3 . iil ^Jp j^liil JLw>-^Jl 4 4 j j ^1 

<Zj\ .jl* jp {jzi 4»J^-L>-I (J j 4 j1_j 4 tiaJ-l <Lft 0>.»— j ^-^1 jl 4 4 -%*u8j 

jJ 4^>*Jlj j ^jJiJl ilL^a ii-Lcft C-JC JJj . ft^>-S/l olf! LSlj^lj j*L~>-Sfl 

4_aJLl£ Vw^I j^ftJD t*_J a~-~jJI L^liL^wo jl j^>- 4 S jl>-I j Ail*-*-* ^Jp ^Ju 1 ^ • - >» cujl£ 

jlJLs , aJL~J>I aJLft aj^mu aJ^L^ ^Jp (Jlii L>»-».s<^ ^^jl)I ^IjuM^ . I 

^Jp c (_£^ yj*S> Ja^- ^Jp A*-*pj AjjUIL 4 Lj>o- ^*^1 j-^^l j - 4 *^ (1)1 

^3 cjLilS'^ll l»AP ^...laj J3^ . ^jJl ^5 Amx-A> ^jljjjjlJl A*jLj (jl ^*p ^il 

jl Aj j! jl* SJUpI jldjL cj!5 < 1~>- (o jLojJI (aj j>- jJl j) jt j m ja *) I ji 

CjL j-va Jl ^Jp (1)1^ 4 ^51 jJl • <w-jl j^JLl Aj jl jIa j Jl-j 4 ^J>-ljJl (Jl ^Lii A3 j-Aa^ 

j*JL*Jl ! JLa jlS* L*5^ . I aSjJlII j*l *-Vl ^mjJu 4oLwsi>LjJl i ja Ip iilJul 

{j P jJLj Aaj j»L->-Vl <1)1 J ^ 4 ^dj^ -1^ ^kiJJ jJ^UaJl l— > jLalll JJLa 4 jJalJl ^lA>* 

. <rn) Sj^ vls'j ^ 

^Jp 4 IJL^Aj • A-— U-l Aj ^>« ill Dl a^ jlS^ ^/f^l 4 4^11 i 

c _ 5 jJI oLk^jJl jl ^/l t jLo-Vl ^ aaJI^ ^p uaJL^J Ji oL>«— ill jl ^ |^p jJl 

. Aj j>*iU aJL15 ^P j aUIS' 4 A : A.,S>- ^1 jJ-l l^JLij 

^ « J J . ja 4J j^*jl J^AJ ^ jrr! ur® ^ yrj j* ir* 

jl 1 glia «*>l jj jyJl ^jlll 4 aJL-*»jJI ( ye> cjL-*j oL j J a vl l C-JlfT 4 

4 ^li aJl^j j -jixj ^ ^* ^ -1 ®A>w-j® cjis'j « ci^ 

jLo jJajJl j^aJLj 4 (_^ ji>-l oLJKjj . Aj j-sAj ft j -li jl ® j^JjJjl® aJsl^I^j L^l j^I ^-J 

. ^SCjlSLil ^-UJl ol>JLLa^Aw Aj j jJl 4 A »«« 1 > AjjUju 

Hahm, «Early Hellenistic : jiaJl ia^L-Ujl* U. — I < j* j^b^l j-* (^) 

Theories of Vision and the Perception of Color, » p. 88. 

A. I. Sabra, «Psychology Versus Mathematics: Ptolemy and Alhazen on the : j — U — Jl (ft) 

Moon Illusion, » in: Edward Grant and John E. Murdoch, eds., Mathematics and Its Applications 
to Science and Natural Philosophy in the Middle Ages (Cambridge, Mass.: Cambridge University 
Press, 1987), pp. 217-247. 

Nicholas Pastore, Selective History of Theories of Visual Perception, 1600-1950 (New (To) 

York: [n. pb.], 1971), pp. 4-6. 

Proclus, «Commentary on Euclid’s Elements I,» in: Cohen and Drabkin, A : j — U Jl (T'l) 

Source Book in Greek Science , pp. 3-4. 



*J-*P (jjJLj . | jjrf'UjLil ^Laj (_^JDl jP 3ji*-j <jL£ 

Vj . ( j-ul£ UlSV aJL*j j AjI (U jl* j! ^Uw) Ajj-saJI 6jJLt)t ilJUL c V 4 

pJj . A jj jJU Ali-ln^# ^3 f- j-^aJl fb^-i £• Ajj j-j 2J A3^P ob jJalll oip ^Jjj j| J& «JJLUj 

^JL>*lw 1 j-j2P j- 1*J JjSb jl dl U->J . Xjj^OJ Oj y+p A-P jdJl bwl^-l ®A>t— jJl# ( j£j 

^xl| oLjJiJl ^Lm\ ^jp a.Ui^.4 1^4 jJLi] AJL^flidl Ai jjJil C-JIS” dll JJ kJu£ju)* 

f jJi ,HJ A3*^P Aj 1 JUU dill ^jJLlU JL>" jj V c U *>- 1 $ >.. d ) bLjJflJlj 4 Ajj jJl ^JUj 

A-W> jJl)L> 3kl>bJ ^J4^J| Jj3 c)l^3 • » m ft 11 1 I j .« mJ ^<Jl 4ai>L) t 4 lJ Ij ^ Ifl « 1 1 

. L^jLtj I4.+S jj jl cljij ^yJl 4 *^UJl 

o j£a}\ ;Lj^. Aw? ji jl . iJ jJIj Up jv*Jl jli 4 I 

4 ^Ulll j Jb»- 3 . ilj-L) Up [Al£ jj£j jl (j^^d j>*Jl cil (J^d b> t)t U^LL# 
Jl^»wmJl1I ill oJ-wftJLa aJup a Za^gj 4 ^ j^jL* jj . *>Ul5j I jJU i5lj3^ll jj£o 

A A>w la ... 4 Oj jw> li^UaJl 3U-»Vl <S *bj 

cJLSw Jij 4 lip . Oj y^xj USsjf ^1 ^ j-fjlil lip jj 4 jyJl «3jP- j-« Awj£*^®J 

^I_p- ^ jP j_>- j-wo jj3 Cwljj . Ajj jJJ A^b^UjN I AjjLflil oJpU oJ->- jll plill oip 

. L> j »/i > A la d.ul 1 A*j jil S jj-^aJl A«^ j3 l)L>-31 


^ Sjjl^l :4JUjJI oL>dJ iuyjl : UU 

AjjJajJl ol j-jJcJl 4 JL>-lj jl 4 ^ Ajj jil oUjiflJ 4^ jl ^JL?x!wl 

A-iawj'yij A-iawjS/1 ol>-jjJLll ^3 63jP-jll ^px^-Ij A-^-w^^Jl A."../..! ^ ll wajlj^ii 

^jP Oljj-sdJ >JjJJLw ^>i_i-l oip cJlS'j . a j>-llll AajJLaJI ^1 oJjUJI 4 A4j(jJl 

^jwL) jJl cJjLxj* jU 4 Ajj jJl oljjJaJ ^1 AjLpVIjj . ^ ^UajlJI jj-laJ 

^wajiill ^-jjJLill cdUJ^j 4 4iLJl5Lllj oL>^ ; ll |*iU’ a^Lip-VIj aw?L j]\ 

. ^ ^^A-j jjJl (_^l C.Aa ) ^yJl C->L?^ ^lll 0 J& jla Cjw> l 4 ^UjJI ^4 Uul J 


! jJojl . lUUJo ■ i .aa.J AoJaat ^JDl w^oaJIj #-j-4l!I aJ|J[ ^j^jl Jl>- <1 )jU 

Galenus, De Placitis Hippocratis et Platonis, (Sur les doctrines d'Hippocrate et de Platon ) t VII, 
5.5-13. 

Richard : ^JaJ! jJUJLJ V j^-i ^S\ U jLiS" i«impetus» aj^I J-' OfA) 

Sorabji, «John Philiponus,» in: Sorabji, Philiponus and the Rejection of Aristotelian Science , 
pp. 11-40. 

^!>uyi JjlJU yillij a ; :^iUJ 1 jjUII & ajJl 2 J ^jLL. oUIj 3 jV! ^ JJLUj V (r<\) 

A-jLj-ji^lj A--^LjJ| j-jL*»1I {j* A-J*^— iNlj AjjUjJl CjIj jJalll CjliM*JL J LcL> U«A . Ajj ^JUAj 

Lindberg, Theories of Vision from al-Kindi to Kepler , pp. 18-58. : J *> I 4 A-Ja)l j 

• ji*^“ jl ^1 j-i j>C ^ j V AjI 


AV^ 



j JiA jl <Jf SjLiVl (Sjj ^saI! ^ja 4 JLJI lijb 

iljljj J! Uoj] dl jjo 4 jVl lU-A iaUi-l JaJai jl ^JLil *LtS/l j jwwlaJl 

^. 1 la j j JJLP f-Ua^Ij oL / i a LJ 4j j j^Iaj 1 jjl^ L« ^»bs <aJj ^ alhj <jLipl 

■ ** J-p jjLS’U ^tsl j-U-VL dJUij tJLill J_~- Jp- ^iJU-j 

c/ - W" jjlp ^jy*Lj ojlp! oV jLp clJJLjk c-JlS ’ j 

d*^- {j* 4 ^iljJl ijij . ^ j ji\ J y>~ oLitiaJ La j£j a ,/»“.< JjL^> <J y>- jL.^jl j 

jl ^fl . ajJjJL aa Lr iII JjL^JlI i o^Ljbo j ol^LSiJVl 6 JLa 

jyS ^ I - Ut - J jlLiJi JUpSM eJu j^y)aj ^ ci-»L>»jS/! A-J^Lai-^l j ilL^l 

<-£-** y_ jj\ 1 jliil lOliJjil ^ 5 j . la,T J »Xf£ t_j|jL>l jj jJl 6jLi\lj jJJLaIj L*>-J (£ •) 

^ Y 4 ftJUj jlp * p j i. a ^ t 4 <a > JLiJI ^jlSLII JjLw* j 4(_£Jll£UI ^>«_-««l cjjjlaj 

cr» 8 J 4 ^*r ^ 4 ^ Hi. LaJl ^1 w»Uu(no r _ Ho* 4^^JI jXiJl jb riytUJl) 

:^Su; t r 4^^! yjj <oUUjtJi 
Jean Jolivet and Roshdi Rashed, «AI-KindI, Abu Yusuf Ya’qub Ibn Ishaq al-Sabbah,» in: 
Dictionary of Scientific Biography, 18 vols. (New York: Scribner, 1970-1990), vol. 15, p. 264. 

• c#* * ‘ cl* 4 fjj I J\ L j$j ^ -UP y\ : UaJ Jaj\ 

Shlomo Pines, «Razi Critique de Galien,» papier presente a: Actes du VII e congres international 
d'histoire des sciences , Jerusalem, 1953 (Paris: [s. n., s. d.]), pp. 480-487, reimprime dans: Shlomo 
Pines, The Collected Works of Shlomo Pines: Studies in Arabic Versions of Greek Texts and in 
Mediaeval Science (Jerusalem: [n. pb.], 1986), vol. 2, pp. 256-258; 

S J « jy^> -Ufci-1 -L P J-iP 4 yt y+A hj Jl 4 p-Ufll Jj & *UP Jp jj! 

r^Su; t J1 nY 2jjl\ l (\‘W\ : ;y»U)l) j/ju 

Shlomo Pines, «Ibn al-Haytham’s Critique of Ptolemy, » in: Shlomo, The Collected Works of 
Shlomo Pines: Studies in Arabic Versions of Greek Texts and in Mediaeval Science, pp. 547-548. 

A. I. Sabra, «Ibn al-Haytham’s Criticisms of : LfJUi ^LpI jU5J yuLj^a . JL iiLull L»! 

Ptolemy’s Optics,^ Journal of the History of Philosophy , vol. 4, no. 2 (April 1966), pp. 145-149. 
l/ ^ 4 (^4^' ilri Cr~^ CP A : 4 <J>»" 

. ( \ c [ . 0 . i l)L» _ iji) J ils ^JoP U1 j&y ji S 4 ^ 

Afl.lall j 4 <|JuLJl <UjUl! Sjji ob j ^aJl j*JLp ^ 4-^li^ Ji-w 

4(rr\Y i^ulj 4 J 4<bjlap) jl^Lil 4 IjlaJl 4 4 ^jI>oI 

B. Musallam, «Avicenna between Aristotle and Galen, » in: Encyclopaedia : ^ la — II ( i 0 

Iranica , edited by Ehsan Yarshater (London: Routledge and Kegan Paul, 1986-1987), vol. 3, 
fasc. 1 , pp. 94-99; Bruce S. Eastwood, «A1 Farabi on Extramission, Intromission, and the Use of 
Platonic Visual Theory ,» Isis, vol. 70, no. 253 (September 1979), pp. 423-425, reprinted in: Bruce 
S. Eastwood, Astronomy and Optics from Pliny to Descartes (London: Variorum Reprints, 1989), 
and Franz Rosenthal, «On the Knowledge of Plato’s Philosophy in the Islamic World, » Islamic 
Culture, vol. 14, no. 4 (October 1940), pp. 386-422 and especially pp. 412-416. 



. ^ jj ^ oa ]\ {ja -liljjl I dJJi 

J^w| ^ (jc^j { j£&\ : Jj^JLlI oL^laJI ^lijJI _ \ 

c^jljjJl |t-L«Jl JJJ ^ jLSCJl JL>-t jAj 4(^A1*1 Jlj->-) (^JJL^Jl ^JLs 

^j-lJl i( jiLlll) oLj-s<a-Jl J j_>- aJL*_pI ^ <jL>oVl oLjJaJ JUp {jj* a_p j-*-£- 

^1 L>«_>*_>- c £w? j! Jjsj . ( j^jlJL*V 2 JjLkJI ajJ^JI ijjJai) IjuL LsAj! c« 1^.* 

cljLjJajJlj ^L«*>-Vl oL jiaJ A^ll ^aju 4 Lalx SJb JL>* 



4 aJL-L*^# Lj^jJlAj 4( - £JL^Jl A***jJlj 4 AjJ jJl Jjp Aj jJfiLJ Aj! a>w> JJLrU 

4 f-L^jaJl ^ L^-aI^Ij dJUJLSj 4 L$p- j-si» jj l $ * JJL*^ 

V j . ^^jli^JI jkiL l^Ulj aJx^-^UlL L^i>w 3 ^ jjJL>cill a~-jL (juijJl ^ 

oJlft A^Jj fL^Sfl CjI>wmJ Aj J^oj j\ Aj j\sL) ^al~Z 

l$i£J aj^Lp 6j+j» ^Jp L^XjJji ^3 4 l$J oj^L# Zj3 <JL>oVl AjjJa j ciLLc 

A^«biJ jjh L«-b*h>- (jl I j jj iijjJ LjI L^al jJ ojjil sJLa J . ^#^Jl iilj^Vl 4 -*-j»Lw*I 

4 jl Lwl^ oJLAlil 1^.1 i C ^IjJl ^j! 3 * *— 5 Ajj^ialil Aaj^mj ^3 L«jI^ 

Aij_*_* AjIjlJI jj j ./» l l 4 ( _ J _»j_*Jl p_JL«Jl ^ LLa>U-I oljjJalJl jjJ-aj J-?-f jj— • (it) 

A^jJlLII j j*am. ll V j—pj 4 AjJ jJI (J j->- li*L* U ^-Jli jJl 1 ^ 4.1 i ^jlJl i AjJL i oN 

Richard Sorabji «Atoms and Divisible Leaps : J y-\ J^lS" ^ ^ mJp JuJlJLiJI U I JLa .2 ^liil 
in Islamic Thought, » in: Sorabji, Time, Creation and the Continuum: Theories in Antiquity and the 
Early Middle Ages, chap. 25, p. 384. 

( k>*s*- (jjLaj ^ U*. , . Ujlip) Lj jaJH oj! jl! L-.U oWjcl^VI ^>ol jy** vi^ul jl2^ 

e-L^-j JLjuj IJbJL>- U LfJU iaJL^J) L)L>*lj L O W.A.T .oVl S^LpI ^ oJLpUlI LajjJX^ 

• L4J^> (>• A*j J ldJl aL- jil jJI A. .-'.Hi 4<LfJljM 

Jolivet and Rashed, «A1-Kindl, Abu Yusuf Ya‘qub Ibn Ishaq al- : ^iaJl J y>- (iV) 

Sabbah,» pp. 261-267, 

: ^ 4 a-lJ^JI (Jl aojaJI Cr* S j* 45 *a^JI jl . a ! ,/»aa ^ lSj^ 

Axel Anthon Bjornbo and Seb Vogl, «A1-Kindi, Tideus und Pseudo-Euclid: Drei Optische 
Werke,» Abhandlungen zur Geschichte der Mathematischen Wissenschaften, Bd. 26, no. 3 (1912), 
pp. 3-41. 

David C. Lindberg, «A1-Kindi’s : jiaJ! 4 ^jllSLJI g->^- a— Lp j LLoi^« ►Lj SiU I J y>- (it) 
Critique of Euclid’s Theory of Vision, » Isis, vol. 62, no. 214 (December 1971), pp. 469-489, 
reprinted in: Lindberg, Theories of Vision from al-Kindi to Kepler, vol. 2, pp. 18-32. 

David C. Lindberg, «The Intromission-Extramission Controversy : Jai I 4 Ij^a. a^_J J_p-j 
in Islamic Visual Theory: Al-Kindi Versus Avicenna,» in: Machamer and Turnbull, eds., Studies in 
Perception: Interrelations in the History of Philosophy and Science, pp. 137-159, reprinted in: David 
C. Lindberg, Studies in the History of Medieval Optics (London: Variorum Reprints, 1983). 
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^ ^ ^LLa C-J15I) A>«-**jJl a £«j . J*p- ^1 L-Jt>- L$Jl L> jJajl f-1 

ajj ji\ a)L~« ii-U^ MJlSlai £y+aj c jyJl Jl ^yJlj Jl£Lil aLJl* 

. 6 jSb £jl>- 

syljJl Jli* t JiLUl pUiil •UVI jJLiii UJi f jJ^i\ J^i 

dl A <*-**>■ jJ 4 c£*Jl Jl f ^ J Aj^JLj i j* *ij ijJi jf jJU . L-JUr ‘A j^ 

fjA. °l y byL>- ® JIaJI o Jjh Jl LoJLlp' Ajl <jy>* t LfJUl& s jIjlJI J5L*i 

(^ jJl jjJidl Ajj Jj j y&£> £J-S<s > jj ii jJb l« jU 4 JULj . ^.al^A Ja>- Jj 4 a Jb 

lij .' Jtlll ^jjJall Jlj-Jl ^JLj) • (.5 j - ^ Jl ^L*JtJl ^ti J^-ljJl ^~J-1 j^la.4 .iJb£ 

Ali-sAi IJla i_3 j-*j C-jLSLs 4 |» j..2.t..M.4 Ja>- j-A LjL>> Aj Jl 6 jJl lijJb L* jlS" 

y* Aj j£*Ai La <jb 4 jLj^*V! J! ^l^l>-Vl Jl j£*dj LaJllP ^jLl^Jl <jl AJjLdi Ljil . (^S Jb 

<wJL>- ajjj aajLsJI ajja-^J| ^U^jI Jl^JI j* Lc jsl J^*® jL^l djtxlL 

ji\ J \ jjJL A-j) (_£ JjJL>- Jaj {ja 6 jb j*|JL>*luj| JLp Ja>- S jljJl 

iJlj^l I jji i LJL>- 43 (j- 4 jt ( j^< 1 ^Jl ^j_4 aS' J 3 I jU . (l)jjLsaJ 1 ^ilii 

^ J . A ya . ft Li Lp- j.L.^ ^ ji LL^ aJj 11( Ajjj^lalll ^ AS* yjc±£- (j| L««5' . 6 jjljlJl 

Jww>«JL*-^a dJJS (1)1 ^j^>- ^ C AjjjlalU ^ jJl Ll-tV L>- ^j-a JbJL*Jl ^ fi jjb (_£ jJ t ^Jl jJl 

aLIS jJ* aJ l a c^JLiCJl ALj-j ^1 ^jJlj C JiCtJl i! 1j.il ^ oLill iJjb JjLa JlS J . LjL^ 

. ^ Aj^Jii ^ 

Ajbli jJz> J A-SLwLaJLa ^ lSjjl\ j»L^-S/l jl A.+.*J> jJ JJ* li*>Lkj| (, <J JUlSCJI fjJ 

jLip'yi ^3 i jil tJL^-b jl jji ajJ ^J l calls’ bli . >-T ?..l. ^ a " 4 aj jj^dU 

iljJJ ^L«^-S/l a J la jli tbhJLxj jl Lj-ji j-x t’iA* ^ J 4 (J^" 

V ciLliJ . (Parametres) l^ibua ^ jJaJI 4 ^j-^ >!l j-liij JL?-1 j j I ^ 

A^-JUj . JU-I AxJaJ ^yj>y tJLu j^S/l l*i^J 4^L~i»-S/l Jl CtfH I C L^ 

1-4^ 4 ^ilju ^3 Jj C A+m J L) 4«^*3jJ| ^3 lljJj V A^« jJ I ^3 4 Jl 

^j^a 4 ^u£> ^lll Ao ^il jaL^-Sfl £yJ>J j~+A J jl LiUJb (J jl>- J . ^Sa-I jiJl a-Ujl Jl^l j> 

«De Aspectibus,» prop. 7, in: Lindberg, Theories of Vision from al- Kindi to : j. la — Jl (i o) 

Kepler, p. 23, 

Y * ^ JiiJl 4 ^JLUI oL^aJ ^jXSL-^l j * oJLL»> ^ L*^P dUii ' j Ajci-I aJU j^LsA4 y> j^o^j 

.YYj 

Lindberg, «A1-Kindi’s Critique of Euclid’s Theory of Vision,» p. 476, note (27) : Uajl jJaJI 
and p. 477. 

Gary C. Hatfield and William Epstein, «The : JUI 1 5Jt 11 ai^i pJL.fl I jjl ii yw (H) ‘ 

Sensory Core and the Medieval Foundations of Early Modern Perceptual Theory, » Isis, vol. 70, 
no. 253 (September 1979), p. 368. 

Prop. 9, in: Lindberg, Theories of Vision from al-Kindi to Kepler, p. 22. : Jail ( t V) 


AVt 



a^>- p* c pJl ^L«s>*Sfl ciiij aLUIL c 4jj jJl Jl^>. 35 jA aliLj 4 Lv p 4 a^_>- 
Juti-l JLjCLj La jIjULaj Ajj jJl ajji 1 . fl « ./? t tiUSj 4 AjJjJI JJi>« Ja-bS^ p jl a Jl-JO 4 ^ p>-| 
<_£j5 jll ^L*_JL1I SjJ p-j ^ JJL^Jl iaj^j jl ap»- j_d pj . 6 jJ ./a 4 i_>-L 4 JyJl pp 

A»*jl jJl A*iVl ^ OjLfllL V jia jXstf l 015 (_£jJl ^LciJl iJu J jJaj ^jjlaJj is j px^JLi 
p& j^cll Jl I j ^aa 4 *j*/3 ll p* *o- jJa jJLL.1 JJLft 4 tiUS pp L/> Jap^- ^p 

4 ^i£l p <L^p jSJll •— p pr jil Jli JJUJLI . J^l pll £l*-dVl pa aAiS" 

si A^bJj Jl^il Jli*-*-i jjS 1*5^ Uli . jll I Jla p A*-i^Ll ^-51 J> c».>,mij 

(1A). , - * 

6 Jj>-lj AJU^M ^jA 


pa Asb*»JllA cIjIjLIpI (Jl 4 ^ Aj sll A*-iVl (J^>- ^>K>- -Lls-Jj 

JiLc pp A^waJl A^v? jiJl pa li^li . Au yj» pUa>a £A aJILMj A~J pxlll oljLli>-Vl 

L^->-j-4-j pJlj t JlJU| A*JL«sa oL‘L (^jli^JI IjUjI 4AsvJ fp^Jlj pj-s<aJl £L*-dJl p^ 

aJ^AlII a«^.LII t J^jJl IJl^. a*LJ j lip c-il aj! Vl . ^ . £^4 jL^j ^UdJl jLliil jj^L 

4(A^jJL3Vl A^JU^JI is jJaii-l AJLLalL) <L-Jj ^ ll O^bL! A-JLjpJl A w « . L ll j ^LauVl 

A> <■ J^ll (^yr^ (Jp’j * AJp/? j^Ls^a ^*p L^UajI LajLJLoI 0-*jI iJLUa^ 

JllP ILo^xj bU . Ajil^ L^1L>- JL^-Jj AsxI3 Jjlia y^ J ^ ^ ^ A Ka^a ^*0 y L»«> 4 A l£ji 
AsxliJl ^plj Jai-I 4 SjLLmJI S*LaU Adlal^U ^p-jli-l Jli-I Jp l* P ! ■>«■.* Uis- ills 

. A«-ObiJl ^plj P ip (J— ^ 


^tla-^K aLS) pa pliai" A*_i>i j! ibiJl pp OjJaj p diJS Jiao ^JU^Jl Jls\ 

J,] UAjI ftJiA Aib.^ ji o.J^ 1 j . JsLiJl ©Jla pa pJJaJJ Jai»- JlS^ alii Lrpil 

pp Pplp aJLJL** iai-9 J aJLLP JL>mJ IJL^Jhj . A -J ll jiLsfiilj C-»Lplx-iVl pp J^Lf 

p » j «,<g 1 1 pL»JLll dsi.i.7 1 ! l>ks^(j LLs^ j Lsiul Jj 4 aJ j-s^zJl ocdbD p-sl i sJil jL i:; Vl 

La JlS' p-j-siJl pj ciUibj p s> ^la b^ p>> AJa-oj Jl 5 pa IS^Uail 4l-?LAliVl 

jL^I vLSG Suii 4T<.,„; t ^jj| IIa j! VI ■ ( ‘ ,U c .S:...b h±- Jp (, — i-l pi 

t jll |> «w ^ 1 -Xji t *b r " I 1 .A..J ^ «A * ^ J I JJ — - ILi ^ji^nJ ( t S ''^ 1 1 1 ^l b • — . l l 

4 (_£ j-s<aJl ^lA-dVl ^ j-^ai ial2j L->^ LaLssjJjl Ijp ^ppij • ^L*-dVl i^Jp* 1 

.b< ^Jp'j Ui^il ^ l a .*-** l*^a (jT ^p AjpxlU L5 jS» CJ ^Jl dLIS P^>" jy^i c£dJl 


.TA^Yl^ 4 A-bbwiJ jJLuall :p lU A-iuJl >il (iA) 

Jl p-JL AciVl jl spa p^Jb . Y6 _ Yt ^p cAbsA J J^l :p 4 Y \ Lvai Jl ^1 (M) 

. *<U1»1I ^L-s-Vl Jp S»pll ^L- >-S/l ^Llajll J> <tj*y ►• oliip dsbbs.1 ^JL^Jl 

Lindberg, «A1-Kindi*s Critique of j t Y * p 1 4 — aJ jJUoll : p 4 Y* _ ^ a . .i» 2 ll jiiJI ( 0 * ) 
Euclid’s Theory of Vision, » pp. 474-475. 

Prop. 13, in: Lindberg, Theories of Vision from al-Kindi to Kepler, pp. 28-30. (0 \ ) 
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cil J yjyAkij Jj 4<JLJL tJj-Rjj . ^LJl 4x« J-s<aj4 

aJLpU- 1 A>t*^J!j . jjytli ^]a*^ ^3 ^Jfl.tf.I J5 oU^Jj^ AP jj±£- 

J*j (1)15 L-p 4 AA- l lSsJ jl jj.3 Ajj^Jl cJLij 1 *— ^>- (_$! V toltj^pxil ^0 ibuSll 

£-»j / r) k ^Jl ij^xU oL ^JaJ ^ jS *1*0*-* LLU 5Jt 11 0 Jla oJ^Li Jij . LuJiVi 

(jl Vj ( L^^Xl-A ( yj*Ji}\ ^Lw-JSjI ^Jj^-J jy&J ^Jp IjiU jll^ (^Jll^Jl jl 

. ASj^db aLU olLSGl ^ st^ 4illj^l Jp Jjki V IJLa 

0*3 jJl ^J^A- l l Vj jJ-J ^1 4 4-A3 ^-4 Ajjjal) «*»di jy*Jl A-^iljjJ ^JJ^Dl A^l LaJJp^ 

^ aj^^s* * **-*) ip i i j^LlJi a®^^ l ** ^ c)i 

IOa {Sy^:J • aJI 1 0l« JL-jlj j*-*«jL| *LLl»I J LfS jJa-» A^>- jj l ^.w 4 ^.-iaT «*Ji AjL^Joj 

*Xs>-\ Jij . I jj d^jJl * *-£ y yJ La iiJjJ A A-JIp A^jJ> J* ^Jp ,jJaiil 

^p JUpSfl JSL p-*t ^ jO*J (^dJl 4 ( r AVV 4 ^-Xl^ll 

^LuJLJI QjLjj la jj jL>oVi oLjj-laJ L*_a (1)1 J 4 ^JLj-^Jl j a-jIJ jJI 

k— jloT) L^oLLaaj [+J>\ y\j j^aJl s~JS\ y ( J& S J.JL* ll AjLaJja jij . <_£ j-s^a-Jl 

4 L»j_lJ! (J j£- La l */iZ.6 . 4> » ^iJl 4^^^jyL>- Aj^-la-> ^3 O^/L&a ^ma)I 

L« jjJU 4 A^kSLjI^L^ oL>Jila>/3.<W J J^lll ULa 4-A-PJJ . ^ ^AjJ ^]! A I Jl 1 » l J| (a J-naM 

i-j^LL>*VL (JJLaIj L«^j . y j^aJLLli lIjIj j ./a ■> oj jl ./3.4 jlP (oT) 

. Y Y 1 ( <Lw^ai j.L,<alt ! 1 (TV) ^Jlj jiaj\ 4 ^JlJjIj ^ j ; JLlai oUpjytj ^JLl^Jl 

ij jJiu J j->-) Ul>. i jjLoil (Jj\l ^>1:<.U <L> jiaJt /^4 litAiaJl ^ j^JLLj ij->L j-sA-J ijjjjJl yJl 

.jLj£VI J^ C^UL! (-jIiSJ! ily & U^lj ( f U J^JL, ^1 
Theon d’Alexandrie, .'^ Ua-»I Ua jJUaj . YY ^ k~uU jJUail :,_y 4 \ * a^aJI yill (oT) 
Commentaire de Theon d’Alexandrie sur le premier livre de la composition mathematique de 
Ptolemee, traduction franchise par N. Halma (Paris: [s. nj, 1821). 

Hunayn Ibn Ishaq, Kitdb al-‘ashar maqdldt fi al-'ayn al-mansub li-Hunayn Ibn : ^.ia Jl (0 O 
Ishaq: The Book of the Ten Treatises on the Eye, Ascribed to Hunain Ibn Ishaq ( 809-877 A.D.), 
edited and translated by Max Meyerhof (Cairo: Government Press, 1928). 

De usu partium et De : y»j 4 y yJL>- JLpt i y^-> y SL- J^-l y uy^>- <*: y <1)| 

placitis Hippocratis et Platonis. 

G. Bergstrasser: Hunayn b. Ishaq und seine : jJaJl 4 y jjJL>- JLwpS/ oL ^ y y> j-+aJ*~> 

Schule (Leiden: [n. pb.], 1931), pp. 15-24, and Neue Materialen zu Hunayn b . Ishaq's Galen 
Bibliographic (Lichtenstein: Neudeln, 1966), pp. 95-98, and Max Meyerhof, «New Light on 
Hunain Ibn Ishaq and His Period, » Isis, vol. 8, no. 28 (1926), pp. 685-724. 

Lindberg, Theories of Vision from al- Kindi to Kepler, : JKA 4 Lj y> jy>- a±JK> J _p- ( 00 ) 
pp. 33-42; 

Bruce S. Eastwood, «The : jikJl <.y j oy^- y-> oU!)Ll?-NI y *-*- J JLL^ y> 



^llaJl j JL j j . A^UaiII® ^3 Ja-j>«il *1 j-fJl ®<—j ' JyJ! ^jA Lj->-j ^>- JOu 

Oj£± 1)1 ciUS Jli4# : Lap AjjUll LoJLlp LwmMj AjjjJl 

* * 

LLi> Aa33 La-*JI ^aJL^ V j_U AjJb Jli Lap aJLjj <uJ_ia ^3 ^JL*j d)L*JI 

_^a UjI j»lJLi ^JJ c-jLaJUI < j^a oLaaJ ^lll <jl aipL^ L^LJ |»-Lc>3 . ^IjlS (J[ <—)UJJl ^4 
<_) 1 L*Aj£4 ^_1p JLd AjI ^a L_>j ^^LaJl iJUh Jl 6 ^pJb ^jJi J 4 olaJ L li ^ 3 ! JL> «/3.«a 
. ^a l_<r ^,>1 >3 .^»b. '> ~ { ^ 3 ^>>La^J)^ ^jL< a* 4 p-1 ^ ^ 1 1 ^3 ^ c^La<aJI 

(Jjj-Jlj L^^i! (31j-> jj-JL*! |» ■«■»■ > ■ Jp £3j LI AjI frL-J^Sn «i-A £4 LajI j * /a . LI j 

ajjLm^a LI_jj Jp jJ^Lil 1^*4 ^ jJ>- ^iJl ajj^-I Jj ajp L>«fc^wj^4 ^rj 

* c ^ 4 ^ OL' L$Jp cj^ y jjU 


U ^Ll ^ ai^jt ajJ^JI 1)1 i-d L S* 4 ajjUII 0 J-A ^4 jil jJL t 1)1 (1 a^>* Jjl>- -Lj 
1 jl*- 4 ^ jjJL>- Aj^Jg— > J»p 0 J-pL J»p *L*Jil ^L*<-^S/I ^3j 

^4 dJUbuJ LI . ^ *ajj jJL) y^ll 1 oL^laJl < jp j^LaJI ^j^I^ju^Ij Ja^jL^Jl Uljj <_£jLj 

4 ^ ^ ^1 5^* jJ JaJii (jytJl jj AjDj -4 ^_4j crt^ o^y LfilU 

ILmJI ^3 J5wJl 1 J-A Ji: c 1/jJU U— 1 j LL . ^afl7 jJtZ Uaj! Jj 4 ^ ^lJL>- Aj jiajJ 

■ <ev Wi 

L> >w 'i (j-f^ (1^4-11 ^JLj LX^JJ ^-USUl ^^L4 t-J jlflj (_^1 OLjI ^1 AjI ^Jp 

jLJLijNI Jwsiuajj 4 cfJUi ^4 . L^ j-jjtii jtJlij'y 1 ^yA |,-p jJl 4 j ^JLll ^5 

<J y5+- L^LtUliJ \ cN*^! ^CJ J-JU 4 ^j4 jjJL>- (jLo-P-S/ (j\JL>* A.ii>- 

Udjl Jj 4 ( _^^Jti“l cil lj‘^>*«^l ^^4 JUIl 4-LJal j f-LiaS/1 JaA3 4 AjJjJI 

4 ^Sl jJl ^ j . tljyJl J-4 ^t)Uajl 4^Jl ^ L* fl J j-n«j^j IjJlS’ j^iJl j-A jj-j 

Cj L> j la > A>JUdi ^-JJl oLjJajJl JLaj ^j-4 l ^ |4 Uj->- La-^-V <l£-*Jl ^ “^-^3 

.jUoyi 


Elements of Vision: The Micro-Cosmology of Galenic Visual Theory according to Hunayn Ibn = 
Ishaq,» Transactions of the American Philosophical Society, vol. 72, no. 5 (1982), pp. 1-59, 
reprinted in: Eastwood, Astronomy and Optics from Pliny to Descartes. 

Manfred Ullmann, Islamic Medicine, Islamic : jJaJti <. L*y^ A4. t .J> j jJU J-L*^o U_J L»1 
Surveys; 11 (Edinburgh: Edinburgh University Press, 1978), especially pp. 62-63, 

A^lj _ ^AY Jl y>- j ^ill) ^LUI ^ J*J lS^ySL\\ 4—kJ! Jl JUJL^, C5UI 

. (Haly Abbas Ve*>UL 

Hunayn Ibn Ishaq, Ibid., fols. 108.19-111.29 and especially fols. 108.19-110.6, : (ol) 

.r^_ro^ c^i jj 

.rv_n ^ jj 4 i <))• _ ^ JUj ^ 1 jJuJii : j*\ (ov) 
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U-w* fjj \ jil : oL^iaJI { ji& — Y 

J yi* Aiiy ( f <m /<ur ^ o) ^ji jji L^j ^ ju* ^ jJ jd 
<j»a>-1 L«aip tjjjJI .aAi jt jJ ! aJLJ! <)LJl 1 ^yyJL** 

t jil 4 Llpll al >*tj Oj^i v-jL^ 3 4^^>-Sfl tjyJl cii Ajj^aJl UjlJl (jl y* 4 4-sA*Jc« 

N ^ jljJJ ?4 aL* 4— 3 ^y Ajj-uj <jl^*»/L>J (jl^JLaJu (jU-aJ| <jl ^ol j 

Jl Jj 4 ^ yJU- viUi j— J US' 4 oJUlil U yJJ Ji-ljjl JaJwaJl (Jl IJbt j~y till 
OyJL> <jp>JL» c£ J-^ * <jl (£jl ^)l dS\ JlJj • ^ ^yj-jli-l * j-*aJl ^y <^LUJl 

Iwbl Ajj jJl M (j ^ aJI <jl <j\>- ^y 4 l$y jiVl A»lA>-[j Lp- yj- ^y <>■ JJ 

Lj-^j j_aj p-j aJj 4 yjJUsJl ( j* r > L« ^Wri <y* N <jL£ ciliu . ^jOaJl y 

^a-«j JjjJl <jj^ 4 oyL *L , aa (1) ISCft ^y ^.%u^.| d\S ISU . (jyJl <w ~^ y <Ja-^ I jj 

. ^vaJL J>*Ij j j-si> (Ji\ (Alii £* £~*iJ * ^dJj^ L*lc * J-^ Ct* Lj^i JJ j*i 

^e-4»^j ^jJl ^yl^Jl p-j-AJI j^jJl OU 4 Jjl 4j*-jJb % lU* ji-— J^-l jlS" lil l^t 

Ju Jp <juJl SjAj LftJl 4jjjJl ^AXj J-U*JI ( j^id>ll (_^jl jJl Ad./a.) L» <jl . Aj j jJL 
J^UiJL 4 aJL^jJI oJLgJ ^5wlSLJ.I ^LLJI ^;jl jJl ytj • f j-saIJ LtJ l^i>wi3 oL-Ay 

Ji^A-a 1 >, : Uj £y^ j^i AJUi J 4 {£ ji\ ^UaJ ^y *lii y y *~. *,+.,> jt 4-ai j-P 

jjj-JI <5* j>- (j;j I ^Jl <jli 4 Ia^aj . ^ ) ^La>JL1 aaIj ajAAa 4<jlyLl 

Eilhard E. Wiedemann, «Uber das Leben von Ibn : Ja^\ i (jJuSji J&\ia jLll. UJ (oA) 
al Haitham und al Kindi, » Jahrbuch fur Photographie und Reproduktionstechnik, Bd. 25 (1911), 
pp. 6-7, and Max Meyerhof, «Die Optik der Araber,» Zeitschrift fur Ophthalmalogische Optik , 
Bd. 8 (1920), p. 20. 

J. Hirschberg, J. Lippert and E. Mittwoch, Die Arabischen : ^JaJl 4 y^[ y> u^*~ J y>- j 
Lehrbucher der Augenheilkunde (Berlin: Verlag der Konigl, Akademie der Wissenschaften, 1905), 
pp. 19-20, and Max Meyerhof, «Eine Unbekannte Arabische Augenheilkunde des 11. Jahrunderts 
n. Chr.,» Sudhoffs Archiv fur Geschichte der Medizin und der Naturwissenschaften, Bd. 20 (1928), 
pp. 66-67. 

G. Anawati and A. Z. .* jJaJl ( ^1 AJLi ^Jl a * ? la 11 ii ^ aLI JLoijl i _ f i ojj Ju { jSjCLj L*y L«1 
Iskandar, «Hunayn Ibn Ishaq,» in: Dictionary of Scientific Biography, sup. 1, pp. 230-249. 

*i& jJa-£ «- AJdL- ^L*) y-^Lr j£a 1 J y yliS* y* ^J, Jj yJl <AJUlI ( 0 \) 

A. Z. Iskandar, «Critical Studies in the Works of al-RazI and Ibn : ^ i 4 ( jlj ^ L c Tf /toot 

Slna,» paper presented at: Proceedings of the First International Conference on Islamic Medicine, 2 
(Koweit: [n. pb.], 1981), pp. 149-150. 

Galenus: Galen, on the Usefulness of the Paris of the : y i^yJU- oU j y ^ jjii (*l * ) 

Body. De usu partium, p. 476, and De Placitis Hippocratis et Platonis, (Sur les doctrines 
d’Hippocrate et de Platon), VII, 4.15. 
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. Jl iiLJI US' pkj aJI£ 

<U>- c^j^adl 4iJj^ ^jJtjJL J-Uiil *jJL| ^ A33 ^iSl ^jl jJl jju 

A>-ll^* U Lali ^Jj5j ^jSsJ c- j^aJl JJL LaJUP ^Lfcj 4 yj» ^ JjjJl J~sAj US' c i.^a> 

4^>d_5~ <5 ill 4 JjLl jJaiL-l a^JLaJI j^sAaJI ^3 Oj^>-I_j ^jj*jJlJL>* -la^V • AjJiJUj-I 

a^S [>**J>\ j ItUj! S jil oJl a (^jl jJl JUp A>*-» liil V] . Jl Sj-J-Lj jJaS L«jlp 

* 

(jrtJ 1 j-ij-Jl ol—LS jUj ^ {jA ISV-laJl 4 jUl J[ J-*jaj ^JJl *■ j -sa l l 

aJI ^J~A\ (JL^pS/Ij 4JjJ*JI a 5* L/awap- AaJj^ 4 1 « l «^aj> ^1 4 Ja^-I * j**J j . iJjJl 

^JLe 4 LoJll a ji ^lll oLa jJlxll *lj>4 Jl bbl^l 4 yS> ^jAJ . Y Ajj jJl J y>- 

<J^L>* {ja) 4*S \ ji aUj ^ 5 frj >/3 ll JJ 3 (Jj->" A-jLlilj A .- ‘ ..I ^ l l jlXiVl ^jP (_$jl jJl J--C 

. <-lT> JSlsJl IJl^J j-tlil J 2 JI (^JL JLU.I J£jJ1 (OJUI 

<ju*Jl £-JjJLj j * J ^ IS A.1L«.tl I AJ^LaJI (^ \ * W _ *\A * ) IL-*j ^jjl AaJLJ A3j 

aJLLaiII jl 4 : .«>,>: $ ll l ^ w . ^ ^3 a- 1 UUUl oLjJajJl a : 1 l $ .*1 j c ajj jJIj 

AIP j-*x ^4 ^3 ^A>-SfLjJ 4 aJ 0 J^S jLapI ^3 £jA aJL»JLa ULUpI L*S . La ^iJL 

y>%j <jyJl {jA vl^Jl o j £ 3 jt ciJJij 4 cjllS* aJ^j- jil Lf^**J 

Pines, The Collected Works of Shlomo Pines: Studies in Arabic Versions of Greek : l J> if ^ la ;1 
7ex/j onrf in Mediaeval Science. 

v~wajJl lil t* ii jAa J ja- ^jm j)aj oLp>j jJl j! JijL 

{j* c *1 ^Jl ik^l jj Jl {*—^1 0^ £^l J J J*"J J-fll jL*ua Jj>- J cN ft *lij>-W ^ j^jxJl 

oJla ^ <> .,J j 4 L* jj-Jl Jp jj ^j-iP A-^LiVl a^UjlII cj4jjL>kiJI Jl Vj4j t j^ j « ll ».ll 

; Jail Jl <L^jJL j5jl jJLS <^j-iJl 4— ^JiiL jJLo <c ^LLl Jlj^VL s 

Shlomo Pines, Beitrage zur Islamischen Atomenlehre (Berlin: Grafenhainichen, Gedruckt bei A. 
Heine, 1936). 

4 c£jl L»4 jl p 5J jjJLfll aJI jil ^ Aj^jL*jJjS/I oLil jillj oLLwaJl ( jp aLj*! Jj^- (*1^) 

jjUdb j£ JL^l Jj ^ fj jjJl (j^JJ Aj JLaj a jJLj 4 k-jlsS’ 4 j£L£ ^ t S*y* if- 

^jIj aJLJLj 4jL>^LjVI ajjaJI ^jJLnJI ^ ljL— Ij3j 4 ^ 5 jam ^aJ a../3.» j J & jup 

: ^ 4 a) AjjJLC^I a^- jiilj 4 ( \ \ 4 ^^LJl 4^1 jJ I -^444 4 e_JL>- axjL?- : uJL>-) T ‘ a-^- jJ jj^ill 

Mohammed Ibn Musa Ibn Shakir, The Barn ( Sons of) Musa Ibn Shakir: The Book of Ingenious 
Devices (Kitab al-hiyal), translated by Donald Routledge Hill (Dordrecht; Boston; London: 
Reidel Publishing Company, 1979). 

Abu Bakr Muhammad Ibn Zakariyyah al-Razi, «Kitab al-Mansur,» dans: Abu : jJaJl (IT) 

Bakr Muhammad Ibn Zakariyyah al-Razi, Trois traites d’anatomie arabes, par Muhammed Ibn 
Zakariyya * al-Rdzi, 'Alt Ibn aV Abbas et Abu \ Ali Ibn Sind, edite et traduit par P. de Koning 
(Leiden: Brill, 1903), livre 1, chap. 8, p. 53. 

: Jeu\ 4^^-j^jjiVl jXSLa\ Jl 4-— JJ <5*111 4 AJLJI aJUII 4 De anima J* Uik • jlS’ (*lD 

Pines, «Razi Critique de Galien,» p. 487, note (7). 
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lS £jl jJl £4 jJjilJ N J 4 L d k*4 <Jt£ ^A ^JLj 

. 00 Ujl«uj fUrSlI dlj^l J-U^ l*-* 

IS! AjI 4 J ^ l l ^jAAlil \j£*tjA 4-flil jA p-sPJJ JL*J 4 JLS'T US' 

L^L»Ui L)1 ® jj^naJL dUS j^p aJLs 4 aj^jJI oJLpli ^^3 a*5 jj* ^U*>-1 ^ ^*»Lc 

4 ciLJS *ljfi>- O^J • £-• A5^P I 4 J jj^J 0? <1>J^ J-sAl** Aj ^Ll L^s^Ua?- (JJ A3 Ls.fi> )/L 

(Jl A-^jJL 4 ^j^UaJl ^-LSJl illjil jt i^>- ^ ^ ^jjiadl ^5 ^jSU-* V 

C-ssLs^ 4 AxIjI U-15k3 . (> ^3 AjJjJI ji^ j AjjIj (Jl A--h*J JLaJL 4 U-*j ^jjl 

UjJJLa <1)^3 4 JUiLj . AjXii-l ^Jp Jj-I JSLi l^Jb^ ^jlll Ailadl j*-+pj W' 

. ( ''' 1) ij^k:i U.5.-.S- t4 jyJI tr J.| o^l lil VI ti«J ,^. V oj^l J»j> 

Ajjlj (— -» y li^>- J-* L. I A .*>■ (l)i i * J^S/l Ijl* 1 m ,.1 ^1 JU 

‘ c* 1 .^ 1 l/J • *'y I jSLaj ^ j^jJl ^p ^ ,-^1 IJla .1 rIo U jIjlUj jl y %«/* 7 

(1)LS ^Jj 4 Ajjj L^-^4 V aJI A^jjJ 6 LL^I (1) AjjljJl (1)^3 

jx»*j) Am*aJj ol -L I I ^L^oosJl oLS j ftfcXpLj ^ ^^*<Lc ^^ 3 i ~ aI^^.4 

Ul 4 AiUdl (JJ A^mJJL ^Li (Jj EjLdlS ^ JLpxJL^j Jaj^>«il Ajjlj jli 4 IJL^Jb j . (aj 

^ jt jl Usi> jiil 


Abu ‘Ali Husain Ibn ‘Abd Allah Ibn Slna: Kitab al-Shija’( Avicenna’s De : j la II (*li) 

Anima: Being the Psychological Part of Kitab al-Shifa’), edited by F. Rahman (London; New 
York: Oxford University Press, 1970), 115:20-150:19; Kitab al-Najat ( Avicenna’s Psychology ), 
translated by F. Rahman (Oxford: [n. pb.], 1952), books II, VI, ii, and 

1 [ . < 3 . 3] ■ e jjbLdil) Jbl j . (Jjlj ~3 . ^ jJLj 4 i^Ut^JaJl _ »U.*.. 1 I 4 Lmm. aJL)I JLp -jLI jj! 

.*^1 v bS» :n 4(^ < w» 

Lindberg: «The Intromission - Extramission : ^ia )l 4 L> J 1 » : < L*.^J ( *1 0 ) 

Controversy in Islamic Visual Theory: Al-Kindi Versus Avicenna, » and Theories of Vision from 
al- Kindi to Kepler , pp. 43-52. 

Ibn Sma: Kitab al-Najat ( Avicenna’s Psychology), II, 27: 23-29, and Kitab al - : j Ja Jl (33) 
iS/u/fl' (Avicenna’s De Anima: Being the Psychological Part of Kitab al-Shifa’), 115: 20-150: 19. 
Lindberg, Theories of Vision from al-Kindi to : j-laJl 4 ~S ^ild» jJ L-—* j_>l jl 

Kepler, pp. 43-52, 

jjjjJLij jy ■ -j. « jJjL* 4 tj^j jJa .« jV I jJlII jl 1 L jLi>» ijJjJl aJUJl aijjLL* d->3Ls^ j! Vl 

U-J L#1 . jYl L f- > ~ fj* J-U |i t JjL-il Jiflaj J jJa— jl ( j-P jjJL*-Lo ^jJlJl 4 j«-Jk J-Z-&J 

: Jeu\i 1 {j* Siji-lu 4 I 1 — 

Ibn Slna, Kitab al-Najat (Avicennas Psychology), pp. 76-77. 

Ibn Sina, Kitab al-Najat (Avicenna’s Psychology) , 29: 3-15; Lindberg, Ibid., : j ^ )l (3V) 

figure 6, p. 50, and Abu ‘Ali Husain Ibn ‘Abd Allah Ibn Sina, Le Livre de Science, traduit par 
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j-lajJl C-uaJL V Laj-uJl oIj jJajJj (j j ./a : „ll ^LwJL l l objJajJ jj 

Jl V J+PJJ j la«*jl JL*-pL U-b ^AiJ! IJLa p lan4 JL>o d)t lllpl ja:.**L Ail il 4 AlJL^S/ 
^JL» ^iJl j j *. ll ^^L l* j X t| (a ^till a^jJLaJI Il aJiLaJl (JL^-pS/I 

. LfiJLo JJ AiL^L 4 IfpLJl j I 4 P j IfS aJLajJI 

(^JJl 4 (J y>~ A-iLtlJ LleaJo^ AjJ jJ| Lj—"* 

UJLXh3 4 AjJ jJI di-A j jJSt ^5 Ju ajI . ajlaII a— < 1^-1 j * c ' ^Jp IpLJojI jn*u 

4 (d) jJu# j--p) cJLLi Ja~* (J^ aJI (j& JjJaII (d)j-La ^ p-***i-L *j-saJI c yLlL 

AjjJaJ I j j~* £jlljj • jda-** ci^* <*">■ 4 cil i*-* - *^ l-i* 

pJU 4 A>»->fc-^ 6 -La jJajJl A^>-j ^ <J ^L^aJI jJLJ ^1 tain** I 4(Jl>oNl 

JlSLtVl ^3 ^ y S* j jj a_p^_li1! ^*^-11 yJ^—> 

^ tl£*^ Ai-^?j ^ L# d)l . I -La £+a>j1j V AjI Nl . c-^5^1 J^\j 

4 A^>* ^j*aJ . (^jl jJl (jL*_p! UT 4 A j-*dJl Jj3 (J-^ -U J-JLlJl J-* 4 T Jxtt ^3 O^UJI 
Aj jJl A*3LL** y^JLj La |JLa^ 4 JJLp Aj JL^JL^-1 (J^j— ^jJl (1)1 f- yt^iM I -La 

(jU 4 4~Ju 0-3 jJl . AjJlJUJlJ JjUIj AjLkJJ J^jjJl cJ^LaJI A-ili-i y +JU La-5" 4 A-ullI 

aJLL£ (l)li 4l-l^Aj . * y+al\ fjJiJ li ^ WljL?- cJjLf-’ 4 Agl-A.ll Sj^Jl Ja-*j ^ ^-Aj AjJLJU^-I 

aLL— — j jt— *JL| j}\ Jo-0* jJl a^LLiJ ^.Llll 4 ajLIi^kII L^-aJI o>li^Lp 

V j-s^j pIjLo^JI ^L—i>-bLi a* 5 ^il ^^ajL^aiLl 4 d)l jJSf ! <J^L>- ^y* 4 1 jji ^ j l ^ 

Sjj^il (1)1 . AjJPxiU Jjl3 yz&J L-P j ^"1 5 j^a La^ . A^JLUL) 

^j_P a JLa_* Aj jJaJ (iJULo-j y&J . ^ J J " AjJLJLaj t aJL^j 4 AjLLiS^ oi jll jjbl In-* <jl^ 

a»-Lij ^JJI 4 viL*Loil . A-->-jliL| Aj1>*IjJI L^-3 j* »j L/ *U*>-)/l 

. ^ ^^^LajJl ^ yj ^A-i^-li ^*1 y>- ^ 1 4 A»J jJl 


Mohammad Achena et Henri Masse (Paris: Societe d’edition «Les Belles lettres», 1955-1958), 2:61. 
Alexander of Aphrodisias, «De Anima : t Lr ^>^j j-»Vl jJLl 5L-.I L,- J^l aJLU U> J 

Lz'Arj Mantissa, » p. 381. 

Ibn Sina, Kitdb al-Najat (Avicenna's Psychology ), II, 27: 20; 29: 31. : I (1A) 


Al-RazI, Trois traites : jiaJl ^ ujjJI jJLJ Jj-»- ^ j-^aJ Lljlil 

d’anatomie arabes, par Muhammed Ibn Zakariyya ’ al-RazI, ‘Ali Ibn aV Abbas et Abu ‘Ali Ibn Sind, 
pp. 660-666, et notes M a 0, pp. 799-802. 

’. Jaj\ ilzTjLI (*1^) 

Crombie, The Mechanistic Hypothesis and the Scientific Study of Vision : Some Optical Ideas as a 
Background to the Invention of the Microscope , p. 6, note (9), and Lindberg, Ibid., p. 3. 

G. A. Russell, «The Rusty Mirror of the Mind: Ibn Tufayl and Ibn Sina’s : I Jx J j L ]\ 

Psychology, » in: The World of Ibn Tufayl: Interdisciplinary Perspectives on Hayy b . Yaqzan 
(London: Oxford University Press, [Under Press]). 



<jli dDS Ltujlju ^ Uo JU SjLlC^Vl jj-P ^j| L ^Jc^s\ ji j 

jl aJI 'b / 1 . <j\>Jl Ji ^ Ajj-s^JI oU jlxll I j ji ^S\ jj * j^ai\ o\ A-bUJl o j£Jd\ ^ p 
Q&- *j L 5 -* < y-f) <1)1 Aia^-^\il j*Xj£j .a jJ&UaJl a -La Lj- pjJ LiL>j L 1 J (j} ^JUL 

j! jJj co (_?&* ^ • *y sa!L JLcj U-i cJI j^>o*>\J ^S^JlSLil JJLjJI 

jJ j c SiiLJl ^p ^da-xVl Jp JJ Ajli c A^UaJl 'jAjH l®d oyiJL * j-s*ail 

jJsu a-$->-j aJJ a-j-mjJL Ld> jj j* LIS' L« ULa j . aJ j-j-p o oJLa c— ild 

(V.)- -. . 
AJb«4 

j£dJ! ^ ^j-p SL>JJ L j » *>Lju ^jJLj of L*—* ^j-*! j-Laj Ijl^_aj 

jt 0j3 ^ JjI— >JL l ApLv£> 0^1p| t c & Ay3.^ A*^**^j AP l^J ^^P C d«m^j A^^wm 4 • d l «xl 
^^jLj ^ C->L»jJajJl ijA*-* (1)1 A-J C— dj ^JUi cJUi jJl ^-43 . L$J Aju>“L V jJL» dUS £-X ^JUb 
j\juj J^«p dl)S j^p . AjiSli apI ij^j Lgj-4 j-^Iip dlL^jb ol jj c^rf> j^JL 

^3 8 (JL^Jj^U# ^Ja-*x jSlI jj «/3t li I (Jliil J-**-x Jp AldlJlljl £-o-£ C ^^P j-*x j^a 
^Sjll Ji A3 Lb>^/Ij t jJl £• L^NLmOjIj <jy*JJ ^^-xjjJJ-l jJLlll £«j£ L*d 

^j-A L-pjJ aS” j->«-^ » j « /3 . 1 J ^Lill ai lj i Ajj ^Jl ^ Lj-JJ-l a 1 i^> JJl p-JI 
. j-^Jl J»J ^^x-iljJl JJxlJl I jJ>- 1 J ^ J>XJ 

OL|j)^Jl ||jp LxmS' j) • 

C p jo^gJl ^j^ajLsA^L A3 jJl AjLp ^3 AmJj^- Awhxlj3 jiatlll ^3 ^JL-^Jl ^il (Sj^^ 

Jwa-Ail I ^l-xI j U>^> j a**j&> cr « ^ jJl ^3 Id 4 a j j L>1 ^a3 LLS* bjmpI ^«xll 

aJjL^ ^3 C (jwxljjJl ^j-ul-A dUS JLxj ^-i . \ jJ AL^il4 L-xl j 3 ^a Uj^l <— ^iJ 

. ^ VY ^o ^>oiij d-> ji-il ^j-msJI ^ ajT u>*Jl s jj-^> Apwd ij jJl ^jdJ 


A. I. Sabra, Theory of Light from Descartes to Newton (London: [n. pb.], 1967), : jiaJl (V • ) 
p. 72, note (13). 

(n.nu ^:iij Ji3-1) oOa jW (JUj^ai oU^j c^.jJ (v\) 

JjSfl ^>HJl oVUJLi AiUl olia jU*JLI (Sabra) \^ ^ . aJUUI j oLi^- jx JiUx ^ 

«Ibn al-Haytham, Abu ‘All al-Hasan Ibn al-Hasan,» in: : Jail . jOLfll jil J*Lt J oNLail jx 
Dictionary of Scientific Biography , vol. 6, pp. 189-210. 

j jJUl t cjOLfli jji di A-—JL . aIUII oJla £j>d jx (1) jJJl <J j>- oJlaaII a)L* 1) oj (VY) 

! Jajl tv— iJjll ULa JLp » jdltj j jUl A^Ux JJP J j>- . #• jxaJU lOb Ljj>wax 

Roshdi Rashed, «Lumiere et vision: L’ Application des mathematiques dans l’optique d’Ibn al- 
Haytham, » dans: Rene Taton, ed., Roemer et la vitesse de la lumiere (Paris: Vrin, 1978), pp. 19- 
44, et surtout pp. 34-35. 
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4 A_1 ImwJ ^JjL ww< (^1 SJuLall jil j-^~ A_> jj_9 ^3 A_) j_L-ad I aJL^I ^ ^ 1 J 

JlJL>si) aJL-* J5 ol jJo ^L^ap-l <Jpj t <3^J Lla-j ,/■ it* ^ <J* ^£~+a 

APj-dj£ ^3 o ^*-*11 a -L a ^jp | j+**aj JL?xj ol ^Wji la„“ — >) J . pjL,tf„ll (j^3 JuJl ^jA J 9j jj!m ^3 ^ ^ 

p-j. I tf . il 1 i>« L3 Lfilj-t^- J->-l *l3j — <j Sj^>*_>- pJ^xL-uj j_£3 . p j-saJ| jLLIjI ^jp *— *jL^ 

^ JJbxlL! * j-*aJl <UJ>- Ajj^j a y>xi-| 3 y>- jil <l)L>-jdl jl jLiJ I . * yjiJl jJUa* 

a] 04j JaiL-o ^yj^aJl jJL^ail <jl <_£y Lili 4 APjU a ly>x^-l a -L a 0 j^j L#JCP . A*— £>S/ 1 Lalal^l 
<_£ j>-\ lIjLa- 3 JJ OJLlS ^ ta ijJa -— «j A la Sill ja ^^3 Ju pJjj . ^J_>Ldil JajlrM ^jp * yja 

liUa 4 ; .dl^4 Ji>sJ JJallt * j-sa!I ol A^a^i-I o j^J 4 <_£ y>-l a jAj . J^-ljU aJUp pi JLpxLjU 
Jp . p.a:>~A jl a *\A1a\ Jp Vl ac-L^ail A La a*. 11 (——>«->- ^L»"-‘» M lO 

. ^ V1 "^oiiUall <taa~.ll ,Jp Ji\ <_jt (jj^ (^tta i~. jjL.) (_£ j» 4 blaljL-a iljli.1 

a 4 > 

j^Uafl-a pl-i>0L-<b t^J-JJl j jlgJl ^jA Ajibjji oIpI — > ^ Ijl j5vJ c^jUxil! a -L a C.JL-U 


^-j C^IpxIAj <Oj^4 «0->| ^-Jjx^-I A5>*j3^-«j Ala-.— — j *1^ j—j 4 a- j 1 1 Aj4-Ll^ 

t OJUi oLs^VIjj . ol>ouJI I -La jlajj ^LJl jlxiil jj jJI a— «Ij3 L^jI ojt L«^ . a^Ljo 

j 4~J&- a j la .-a, a ^P 4 A-il l^a jL^axS^ ^JLaxl-«j c-J j^jf aJa^Ijj 4 ^JL^Jl ^jjl C-jjl 

Aaxl3 ^aj . jil ^-1 L« ^jdT .a.A Jaaxj J-AIO p j-saJI (1)1 4 a j+*Za 4>z1Aj 

jil Jy AJLLia a-LaZ^-I iJlJLil 4 L^j-U jL$JL| 

( ^P L a -— 1 1 L ** AaLazII aJLp! ^ y3 ^Jb^s— u L->t ^ aA Abb —i A i ^ « «> ^ 1 1 1 j^Jal l o ^ 

i jA A )a 6 > ^j- 4 li^UaJl ^JLj f- j-^aJl (jl l JlS ^yj3 

♦ «• 


w ^ v». 

I j-Uaji A la-bxl jj f 1 >^La ^1 

Lp Lajj-joJ jiLfcJ 


JL2i . La j.K ,/3 a ^j-a U^UaJl frj-jaJJ 

I -La ol^l p~1j_^ 4 L^ p .<■< •> • p^- la — >x 

Ja jJajLl ^I-L1 jI ^J-P Oj-^j ^LitJi^lj 


^“li >P ciJllJl j JjVl jbJUll t >Lil yLT ^ ^yj-l ^ Lot Jp j,l : ^1 (vr) 

tLJUOl iiliil 4 Ji> bil ^ .. ji \i oliijjJl t rY^Y 

^1 ( jP LjL^-aJI CjL jikJl J j->- . (1 ^pLhJ»| <— L^j LS^Oiil inOtSlI 4At)lljl aJLaIIj *► j-s<aJl 

Roshdi Rashed, «Optiquc gcometrique et doctrine optique chez Ibn al-Haytham,» : ^JaJl t p-L-^Jl 
Archive for History of Exact Sciences, vol. 6, no. 4 (1969-1970), pp. 271-298 and especially pp. 
274-276, and A. I. Sabra, «The Physical and the Mathematical in Ibn al-Haytham’s Theory of 
Light and Vision, » paper presented at: The Commemoration Volume of al-Biruni International 
Conference in Tehran (Tehran: [n. pbj, 1976), pp. 439-478 and especially pp. 457-459. 

- Ji ° >T jwti JjVl jUUI 4 ^Ul v br 4^1 ,>.1 : >Jl (Vi) 

(<j } j*s- j .\-j jm S c j t jji *— . Taj t jP li- <Lil J* jl^— ^ 1 . 1 — t . . 1. T 1 .1 1 IJL^J ^ 4^j j£- ^yal y t itbja . J A 

Matthias Schramm, /An al-Haythams Weg zur Physik, : ^JaJl . t^jJl ► j-0> J DL- ^Jl» ^ 
Boethius; Texte und Abhandlungen zur Geschichte der Exakten Wissenschaften; Bd. 1 
(Wiesbaden: F. Steiner, 1963), pp. 164-200. 




. .O^JlU 
^Jy-ij^U,^ 

‘-^-Cfo.-j^j, 

'M^J-‘>.S' 40 .y 

tdbu^uV 

wtJ > 

kjuwjyk-i 




yUJIj jUqVl ^jll >Lii gja i^jUJl ^Jj| jur 
. ( 0 D \ 4 Ai» jiajt 

< w ? ^“ Jw-ljJI -Up pjkSfl aI*£\I jl^ 4lJb t djL-tfLjS/13 1 L«Lc pJu^Jl ^jI 

pi-$Jl ^l jt Nl 4 j^/i,X\ fj,\ j*a Jl ^jliM (_^t t Oj^i jP 

JbJbM 4 _jJ 3 jil lJl> 1.-1 la * j . j*a * ill (Jl j~ail ^ A*-i>Nl ^>- ^-jj j>^1 ( _j~^£' 

. L^-s a j j-voii <j 4-iJ> j j.^11 L$J j-* A-i^ ^.aJ J-Jul a jj-s/aj (jy*Jl A* j*** 

J* 4>^i ^ ciLli ^ 4 pip 

■ y~ 0^ 1 ^ 

I-1a a_jL5" L^aJLaj ^lil 0 j j-^aJl a-U» <_£ 

■ 1-4 Iaj 1*^*^ p * ;4 ^ (^1 -Up 


AA£ 


cVV 

i (♦V 1 n urf"* ■ 

f&f* wr° if/ 1 rrr^h 5T^ *Tl \f°^ c 

~r*^Q f> ||W? rp * 

Pf^O ^ lf ^?2> P rgr i/r 7 ” {* *P •-" 

*-^ r> jp*^0 rrr-fC o jr^p jrH^ 5 *tS r^ f$"| * f^Vv |fr^P o * 

*t° \bf r ^° •^ f ' 2 ^ \v^ If t**' f - r *rp »ri I'fsr’ it 1 ^ 
i* rf ; ir*v5 1 fvspi f> |(t»v? im r2 ^ \r^ IP iP' r ’ Ik jo ir*^ 

rf i^ if*T ,) nn «ijvn r »’ kt 5ic ik?r i^ *r h'V^? -n-p 

(T^lC’ \so)' 

mr in -10 rf"*’ rr 2 m«f rr f P tfpY f ir*ns / ' 
ir^ r t r r > ( * a ~ a) 



La , AAj jJaJl ,jyJl 4 P J*A 11 tills JLaj C. .*1 ^-> ^ ^oLfcL^Vl 

j^A-\ Ja tf i J-43 4 aJLS^ j .^a ll jJUoU y« U^LUaI pj «^ a ll 0^ 

JjJLi i Jlili J-—W ( J-p elf!* . aJLj 3 olw-LJ JLp-L i Ijl^- UojI Jj oj-vJl 
^L»i Lp y»J 4 ^L>- j OjC p yjp jJL/l a J^iu 4 1 JL>- ykjjP J—JLAj b Jy> Coj 

* 4 « La ii, ■ * >*J 4 ^yL>wJl c— J 

y* jLJl ^Lia o y ^*La1o pI j-pl jj y (_£*Ul frlkiJl 

4 l a tf i . A I I a la 6l ll ^y t<j 4 <^y»iSH Ap^Jii (J^>- ^yaJl jJws^ail ily^u LaJ— P j . 4—y—iSfl 

j -o JZ ^J 4 i— > j^jSM 4_>*JL5 J--Aj L-JL^P j . A>-y Y**\ * (^1 4 _^mJJL> AIjLj SjLl— Jl ^_P 

pj-aII jl C^ol 4 1 . i_ 6m*J*jj ywaJ Lfil y® ^-PjJl i _|p tjj^JaJL Ai. .^all Ala.A J 1 

y® ^j^Jj JaliJl y* Ls^jI jl 4 Jl?- 1 jJl ^LlaII yS J-LoJI *ly4 y® AjjL-Ia AjLjJsu 

* (V1 \/>^ y !• *y- 

J-JSjl-J *1jl*X 11 jt aJUsA^I j A^ijdl ^JL^Jl yl oL^ly o j-$-Ul jJj 

^p » j-^a ll tjtj 4 L^« l Aey^ ^IXj A*>-jL>- j^LsAa y® a- j - /J l l 

* y$^ll yix^ d ^l y ^ j a-L-JII ^L--Vl 

t 4j»y«A ^P'J ^la..^l ^j-p A^^aXa iijiaj a j-aJI c tiliS ^ 

CLL->L*l^yi ^y - t L>ajj r jl fllijli# ^p ai> ,r J^‘ ^ i y *^ 

t L^yu iljJb |»— <1)^^ 4 dUS (Jp *l^j * aa. 5:.,.* LL» jJa>- l*y t jtUJl ^y li^Jail 

A*j1^aI <jl jj £j ~+ i ^ c5 . dAjtJb li,^a a jl aLaa Ia| L)i l.> ^ 

4 *j-JaJl jjyj ^ + ^yll Ail d. ill ^Ly>S/l l> 1 !>■ . ^j—ill *— ilyoV ^Ly-S/1 ajJj 

LijI ( iLi^iaJl A-if-J . A-j y tfJJJb a cJ y^- oJ^^ll ^y A ' .. a. a A ^- ji vilLc 

(riJU^ail jj* fj\) Aj^LaJI ^Ly-Sll (J J> aLjcl^j iJ^\j 4 4 Ja--Jl 1o-il ^fll ^ 

4 aLUII JaLiJl ^y- AXjjiaj SJLpU J^-y ^JJl Ij-ll y l JL a . ujy^jil fryaJt Aia-^iy ia^i 

. (vv> L*Lc atli «aS^UJ ol^-JlBj iL Oil A^yJl ixJiVl ^La yy u 

c (**-*-> jl oyr —Al ^ia-»Sn AamJJLj p-l y^) Vi ^ t ^ J I ( yl f^j*** 1 

jLipVI ( _ji Jl>-Li . Aj yj (^“Ul Aili^J jjlll PydJi AP yrf t)l 6^L1 a 1 Jy i^ L . T »«<i 

jXt* t iJLUiJij JjSfl dLJUil 4 >HI yliT t j»JyJl yl :y J SJbJP yjU JL> (Vo) 

. J n a*j)\ ^ yli. ass-^i /Uwblj li^ VISA J*\ t rt ^Y ^*u 

. J Y0. J vr jijjVi iAslisJij jjViobJUli (VI) 

^1 4 >LLI yLiS' y yjUwJl JJ ^Ql tpykJl y* aJLL. y ^1 yl (VV) 

Roshdi Rasbed, «Le Discours de la lumicre d’Ibn al-Haytham (Alba2etv),» : y 4 ojlIjJI a yJl 
Revue d’hisloire des sciences, vol. 21 ( 1968 ), pp. 197 - 224 . 


AA 1 



(J srt 4 > £cia-Jl jJLj JjS/1 j~A^a Ji ! + yjx Ji *Sj>- ^ ^j-./aJLP 

iJJLLwj ^tla-«Jl ^u« jljJL« ^fl->i y*j ^liJl jp^aJjJlj i iljlj <P ciU-Ajj 
i(yCi* e-lll (JJ frlj-fJl Jy) iiLt5 jl%\ jJ>-T JJ -ia— »j jLilJ^/1 JLLPj . a j i*~* 

. (tAl* *lil JJ ^br^Jl ,j-*) ii^ Jit ia-^j JJ jUiiMl jjp LjiJ Oy ^ ti^ j— Jl 
JiLiJ ^ Oy-U iiUJJl ^k^Sfl ^ i-ljjJ LlJLI ULp r JL H JI jlSj 

• <VA) j^l 

4^2>»ll (U^Sfl oUuJ ^ 

^jS> <ul * J> jJ y-J-3 ^3 < U a „X \ a \ , t ^tU j j ^oJl ^jp ^jl l— > jL^ 

* Jj>4 I 4 -J Lo-j frl Ill <_£ j^>-Vl jda-^S/bj bl jib 0 j-bS-J JJ «aJ1 OjLS’ 4 1 ; Si . 4 -jJ jJlj 

^ Lsjj <- 4 _*_JjS/I <—$1 j-p^JI ob^.Lla «^a O, > b»J L^_>- j^i pJL> jt-Sj . 


I j~x> IaUa^-I Jii iJLpI ji (jt*j ^ <_r^b 1 jl— J y>- ^jjN £jlzJl jl (VA) 

A. I. Sabra, «Ibn al-Haytham,» in: Dictionary of Scientific Biography , vol. 6 , p. 194. : 

A. I. Sabra, ({Explanation of Optical Reflection and Refraction: Ibn al- : ^ 1 IfLlilj. nJj 
Haytham, Descartes, Newton,» paper presented at: Actes du X e congres international d'histoire 
des sciences , Ithaca , 1962 (Paris: [s.n.], 1964), vol. 1, pp. 551-554; Rashed: «Lumiere et vision: 
L’Application des math&natiques dans Poptique d’Ibn al-Haytham,» pp. 30-44, et «Optique 
geometrique et doctrine optique chez Ibn al-Haytham,» pp. 293-296. 

Galenus: On Anatomical ; ^JaJl t^ybl lULLLSj LIJlI ^ < jj-u JL i> jJLujlj L^J (V<\) 
Procedures, the Later Books, X, 3, 40; Galen, on the Usefulness of the Parts of the Body. De usu 
partium , X, 6, 479. 

Jg-) ^JUUJJ ^bSfl ^b-Jl AjjjjJI a j y-/> y* U* ^ ^ ll jj 

Hunayn Ibn Ishaq, Kitab al-'ashar maqdldt fi al^ayn al-mansub li- : ot jLJ JL* ( j j . »1 .1 « 11 

Hunayn Ibn Ishaq: The Book of the Ten Treatises on the Eye, Ascribed to Hunain Ibn Ishaq ( 809- 
877 A. D.) 109, pp. 36-37. 

1 Art pluJl jl«j t (Job d’Edesse) jjajl ob 1 

Ayyub Al-Ruhawl, Book of Treasures, edited and translated by A. Mingana (Cambridge: : ^ i 

HefTfer, 1935), disc. 3, chap. 4, p. 134. 

t \ — b L>L ^jA UtAlfljl JajLp- P yjo Ifl tf ..<2 b l*p 4 jI 5 Ju 

<^■^- 2 ( d/yd I b! Q - * bJLlP t Uoj! pU.1 y* jt i.Ju <3b^^ ir* 

: UuJ J&\ . cLrjUU JlSbtbO j\ L\&1\ J 

Abu ‘Ali Husain Ibn ‘Abd Allah Ibn SIna: «On the Soul,» in: Ibn Slna: Kitab al-Najat 
(Avicenna's Psychology), II, 27, fol. 30; Le Livre de science , p. 60, et A Compendium on the Soul, 
translated by Edward Abbott Van Dyck (Verona: Stamperia di N. Paderno, 1906), pp. 51-52, 
and Lindberg, Theories of Vision from aUKindi to Kepler, p. 49. 
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J-43 c Lj j^> lil jiUdi t Aj^aJl dj^srtJl d JLjJlpO j ^ ^L»>-bLl ol?v-j 

Jt* L (JjV ^ • j^-U J ><J*y LLp5” AjJjJI jALrj AjjUil cillj ^a Lla» lp JL>-1 

Jr 4 5-L)Uj« aL-Aj jJ p ^ *.* >- jxJa— ^ <JaJJ JjT {jA L*'}UaJl ZJaJLJU <jj ./3 ; ) I oL-S/l < jp 

* ✓ * 

t Zjj^ JiLlj ( jp ll a j ^j Lp^j l>- U ^jJL l SjLlJI 

Zjy*p jl^>- ^ 5 jJ-L» jl olJj (jl <>>l J-i lLLUJ S/ i y>^>j 

r> 1 la a <f5jj! kw^Aj^ J^L>- {jA 

il>*iJl jt SM cLJLkli 


tj^i~ I oJU ( j-—*l £j*J> jj J-ii <j1 £*j 

l» Jj j . jisLlil cpLT l^JW>j ^JLj ^1 fij-jVl (w- A j ^4 c-> J 

4 ol J- sajI JXIj Sj^p4 a y saJI J jj>- ajL>oI ^ LpL>«j 

jl iajL>- ^Jp *y~ 4 aJl AjcJld J?LLv^> oL*IAj flj-fjf 1 dJ A-ltlj C^ulS" j 

4— - «■■ > 4 4jL. O oL^LaJ LaJ j <a .✓all 4 4 ^>L>wLaJI fiJLfe ^5 L*j Lft-S' . JLfe-S'l la_^w 

CAT). . .. 

. <LP jJl 


6 jLp ^ 4 AxJUall l y*i-\ JA lp [a jS\ ^IaI 4 t>Xtt pl.^W ^\ <1)1 

jij . (jipl ^P o. > 4 — £jA L-oSyA 4 4jUjjsAj { j^a <J^L- £jA + yjz ll jL^>* 

^Jp jJJaj a^jlaJI ^JjLfl-4 j-i— ^j.^ 3 a \ a ^Jl5CJLj ^|j^Li3 SAp- j 

L«A1p 4i— >1jjS/1 *Ijj JojL^-1 ( Js' *yj> £-i> jy£& < - a ** ? JJ • (p-LUil Jl) Jl 
J^3 4 ^LaJI Ji^-t <L*J> k-JJL 1SI 4±\ ^ UT .^^1 JuL\ Ji j.-Jl; ^ 

^jp- f-Uaj»Jl lUtij 1^1 Lot . o^IaJI ►Ijj JajLi'l ^Jjp- LaJl>-j aJLLaII 0<aJ| 

* Lli AmAj ol^ll ^ A*i J>\ 6 jA A>*J Lj^> 4 aLwAJI 


4 i _j^ a -i Ji JlJ^I *A>«— J* Jf$>J JajijJl *J*i (^ * ) 

Crombie, The Mechanistic Hypothesis and the Scientific Study of Vision: Some Optical Ideas as a 
Background to the Invention of the Microscope, p. 6, note (9), and Lindberg, Ibid., p. 3. 

Owl-jJl JLpI ^ja ^li 0 ja}\ ^ cl— -Jl* _J jJ -jo.* dj*- (A^) 

A. I. Sabra, «Ibn al-Haytham and the Visual Ray Hypothesise in: S. H* : j&\ t o ^^d.1 Ll J j>- 
Nasr, ed., The Ismaili Contributions to Islamic Culture (Tehran: [n. pb.], 1977), p. 204, note (19). 

(, Jlil.1 J^r*"’ J 4 " c *-_i} yf^jj Uj jaa t jjP L a .._i jlll a j-a) 1 jl <. ^il jJl OlS^ 

. ^ j-ejll ^Jjjy De Speculis l^kJy\ JLp S/I ^p <^w»j o jpjil Z.\* .* jS/l Problemata ^ 

David C. Lindbreg, «The Theory of Pinhole Images from Antiquity to the Thirteenth : j — L 11 

Century, » Archive for History of Exact Sciences, vol. 5 (1968), pp. 154*176, reprinted in: 
Lindberg, Studies in the History of Medieval Optics . 

J »JLa^« AailP JLSLil j ^LjL oLiI* V fS\ ^1a*j i— 3a* llA 

^ja j^s* jAp 1* jt jL-Jl ^ J| ^*-i-Jl L#-i J s>y ^yJl iibJJL jLq L-i (AY) 
Sabra, Ibid., pp. 191-192. : A>%dL 


AAA 



C-JlSj 43 jAIa 4 lSlal *^“ 1 J J - 4 ^ . . . * ! JjSfl alf _ 1 

c — > a ll I dJUS JjIJL* <1)15 ^ j pJiLs <l)liJ Jl jlLj <jlUS jlS' j JL>-! j <wJiil iLLL. 1 4 

uiUS Jp ^JaJ viLb *1 j-^> 1 <l)}i c-iJ^ JjJi jJ jlJL>- |» UaU <l)l£il ^ 

{jA JL>-I j} ^L»liLa l«» 4«A J^-lj J5j ^Dj ^JLmjj 43 jAIa jlJbU cUUi jl p_mJL| 

^*Jl *lj-^S/l ^jA JIsj 4 I J T^ 1*^ j_) ■ » 4*1 1> (^"^l | » ^Aw>««*ll ^w^oiwll Jp 

q P yUl £3 j b\j Jaaj (_£-Dl ciUS Jlflj <1)1^ <_£-Ul *j*s4l)I |» ll al l Jl ^ 

. < Ar ) « 4 ; l ^ Ji ^l alk aU 

4yL5 JI j-JLJ cA»J*.j J^JL> c JbJL>- {jA 0 j*a Lj# CU»w> j J3 4jy>*lJl <1)1 Ja>-^JL^ 

LaJ JaA3 ISjIj 4 LdiJu# ^yUl {j?* J-iJl <l)y^j L«JtlP t(jltll Jill 1 JLa --1 La j| 

Ja5li-I Jp bJlaf 21 ./3d‘.4 4y IxJL <1)1 ^-t^ll ^1 Lll> t JoLaJI Jliu |JL>- I jJw> 

. Wiw-fliJlA £ Lj ! (_^ JL«j JLiCj 4 a _ a > J £" < 1)1 L 5 4 Jj ^ LjlJI ^JbJ JjIJo * JSsJLj 

L^l-a c--»LJl ^jA k ^^ -jJu I ^yJl 4 if Jji]l j ^LwJkl JT~^ 0}j® * mm ioVI — \mJ 

UajI 43 j.c1a p| j - s ^1 C~Jl Jajl>- Jp Jl£ 4 jU U t J i tl l <1)15 j l a 43 1 L-5j 

. ^ ^ . . . k_J&]l jlJLi. l$l* JL>-lj (J^j lIJUj ^Jl*j 

pP jJl Jp 4 4 > v 1 aJ | ^LJL JaliL^Vl < 1)1 ^ 1 <^} 4 ^- U-l < 1)1 

C ciUi * C Jj>^)^La J | ^1) 4^ws^1j \jy+0 -J J 4yy«^ J 4^* y ^ <>• 

2 j^>fc>JLJ >-T U<Aj 1 If 1 } . 4 JLUI 0 < jf' 1 ;4 > 4. > - Vl Zj» Jl^JLj V 4jjj>*lJl aJl& jli 

<L*.a JL^cJLxkI JLd3 c ^3lyJl ^3j . 4 »>*JLaJ| J^P Ls^yP j+jaZj* ( _J-JLj ajl aJ-A cOuJi^Li 

< 1)1 < l ) j ^ 4 4 o .,> 2 . I >»^ Jp jJa>«j 4 4 >* I 3 J ^ L >- {jA j£ Il^illl 4 y j ^ aJ I 4 j *-* iS/l < 1)1 2 j ^ x^-l 

(^JLJI ( frl j - fJl ) Ja + a jJl Jp jJyJ < 1)1 < l ) j^j 4 O-xJaLflj <jlj ^ L >“ ^ J >- l J lIj 

Lg-3 Lpj 43 LiJiJl JaL ^ jS / 1 JS ” Jp 4amjSj IjJI < 1)1 < 1 ) 1 ^J <y} p-lfcl JL 3 j . ajll ^ 

. 4a1i>JlI oli*iAjJl 

L^lo Jb»-lj JS ' Jj p | j^Jl ^ j^iiT 4 < l)il 4 f - l : dJliJI il ^- ii-^l _ ^ 

< 1)1 jJVl Oj^-JL <+* Ji~a cjj^a Jp 

jLj jjJi t rr\r ^-u t ^uij jjSfi oljuh < >ui yiis' tr JL*Ji : ^i (Ar) 

.n ^uo _ ^ J \^o 

. i J m _ V ^uo 4^Ulj JjVi jlilUll 4 4 a JJUJLI (AO 



ft j • ii j-iiil a c L: > JJ j JJSlI ( j-» 5 j j~s^ J-S^ J-j L^- *1 j-^JI ^ j 

'y j l $-3 oi^Shj f-ij-s^vi jj-*0 «adt a J jlIi <Ji>* j • • • V 

jljJ'yi Ifc 3 xicS <uLill j 1 otL-U ciUjLSj Lj- 4 jLL 1 I ^L^>-S/l V j 

t«li If? <_r* ^ i Ifc 3 jj-^aJl -b»-l j cuSj ^ J>U^ L ^i\ A ^^vi j 

*l^-$-ll J jl^JVl j^. ^a 1 4 J ^*3 ^-*dj ^jUULI Aj^Jg j$\ ^at^l ».ll 

. (A °V . . ^wuLJ-I j± Ulll fl~sr% 


6wLp J5LU L f*j 4 ljb»-lj V 4 Ju^LJ 2JLP j»lJL>«JL^I ^ ajL^IjI JJL^Joj 

-ULLmjVI ^j^Lajj JjL 2 j Ju J-^- 43 JL ^Llal^i I 1 »/a A\j . f-l.^ dl * yji . JLl 4 .L .^3 fli* j 3 l */a.A 
|j_A IJ-fc c-^L*-*^- jl ^2 la ill jLSj . Jy^~ cii 

IS^UajI 4 kiLJa jjJb J 3 I 3 pJUgJl ^| jl£ Jl2J . (_£ j^-Sfl jjlp*il JS^ Jp u >l~-i-l 

1 — «~ 2 j Jvl>- JalJL-iVfl J j->- A-aUS/l LS 3 LdJ £^-^lj |» Jp 4 eJL^S” 4 j 

-Xi 4 La 4 Ja^L ^3 4 AjI ^jg >- ^3 ftjj^Jl ^«5"L*J 4 jL>-*>UI 4JL*a|j«A3 . ft ^J^l/l 


(An) 


fjb 


!Ju 


{j* 


L-j yf- ^La>- 4 A j*jCj* A>«ldj JVt>~ ^a 4 ft 3 -Lull 1 A-S j.Jz\\ j^L^ttil JaLL^l Jii J 

Ijjb ^ Li'yJaJl tils' jl5 ^3 ^ AlSd 4 UjJ1 3jJl^L r JL r ^ll ^1 Jl 

jUa.«Ilj 4 Ja-^ljj ^ j-s<aJl J^Ia-^I l)| 4 jjlaJ (J j-Ajj • Jii"! 

ft jS^>-J L/yJl 4 -jIa-saII aJjIaII ol . 4 L , 2 b aJoAj J>L 2 iJIj Oj£j 4 AjII— a Jp 6 JJ-S^ j^ll 

. p-LJj oLj^a-JI jJjJ o-S jJ c-l^-l Jl 4J3I3 ^jill i*-JiS/l 


ti ^*1 Oy^' - ^ 

^dydl Jp ft ^‘b Jjp JjjCftJ A’J-saJI jtllJl 4 4*>bgJwa i2j^laj 4 | » *; ^ l l ^>1 t j^j3 Ia^J 

^ 0 j^aJl J^tlj jl J-J Jwaij Jitiu (jydl '*-*-**J 

. jJl Lf^.*lala j^ -Jbu ^1 iSj 4 ^ 2 ., Ja jJl (juJl 4-^1 Ll» 

jJl® j..tilll Ls^w2 J^ La 4 J-sAAla J^Jtu JjVl ft j-oJJj 4 ^Jlp Ij^Lfcj 

.ir^m.i J m jLij^Ji a^ljij jjSft oDuii i 4 ~j; jjuaIi (ao) 

jj3 p t^fl.11 ^jA j^Jsu 1 ^Jgiill i M ^b5' JL*j ^yJl 0 jj+0 ^ iJU Jl ^ (AT,*) 

OxIaJI jJaJ J Lip Vl Oyy I-LlT c 0 -u-vtf>lj ijj+0 JpLL-»Vj SjjI *<LjJall 0 y> i^-l# U^i y*£> 

.* jJajl tol^ljjJl jj-* jyS 3-Lp j>* ilL- Jl a Jjh cJlS . Ja.2...U ojIImJI iiLJilj 

Sabra, Ibid., pp. 195-196, and Matthias Schramm, «Die Camera Obscura EfFektes,» in: 
Schramm, Ibn al-Haythams Weg zur Physik , pp. 202 - 274. 

AV 



cJjJj lx UU aJL*»pI <jl L«-jj . (jydLl ^lj^JLlII J 

* ^ {j*^\ <j ■* ^ij^J ^4** J*nAA4 {j* ^ JUiJ • * 


{ JL^j^\ gjJml I - I 


c^>l ^ pVI k < 2 — /> jj 4 ^Lo jJU a j_*iL_4 SJLSlj ojLjlpI JLajj t ^JL^Jl ^jj| 1 JJLtl 

*jjbl ^j - 4 a*JLp Vl a - 1 a j j-J j . ^L»jJ| <LJLpI ^ jLjlj ^j^iLsAAi* Lillis' aj^aJ! 

(_Jp ^ jP- jll ^JusAdi! j! ii jlJtll lw~sA*Jl) (_£ j-saJI <wJLs<alll JiwlJ J ^UjULJ ^^xlxSfl 

v_wajJl JJ*-Jb t*i*^>*j 4 (j^P JlS' 4 Jb Jbj- ^jx Lgj| ^lil JLujj . (Ja^x j^il JaiM 


£-£j J . l^sll <j\xJl £-xj^j 4 {J^p - (j- 4 j^->Jkl I -1 a ^J! <_£ j^*li 

If- jJuT A_Ldit^ 1 J-A ^ol^Jl Jx^l ^ J ’ iS laull ^ dj >^J>*lJl ^3 


1U11 


(A*)- -. 

AjJxx 4~JO 


J-Jii . 4 xjLx> AolaU AijJaj e-UjjVL I Ja-T 4 (jyJl <jx f-y>- Ji” ^-t- ^ .1 1 ^1 ^jxjb JSj 
(J| AiLs^^lli A-IsaJI Jiwj (Jjdl (jj 4— w3 * II A*>“jlj^-I objjJl iljJxl ^j&>%JLi 4 JlS" 
«^i7 ^yJl 4®(^^jijJl® jl ®A-jjJi® J^JLj aJLp-IjJI Sliill j! U15 J^>w>j . <LJ j2]\ 

A-JlxL Jj LLlx 4—A-sP ^J l l j-A d)I ^j- 4 |*-P ^ I t-3^Lp_J A^>-JjjJlj II 

J-^-x ^J-Pj . ^ ^AjjLSHj J^LaIj Aa ^ 4 oli^ll>-l JL>- jJ AjI Vl t (Jj Vl ( jXjjJl>- 


Jj\ \{jA £j\ — II J- 4 L 4 JI ^ t/ LT 4 -^-^ 1 ^)y-liil (AV) 

^jJLUmj *U-fll AI—I j3 ^ 4(j>*U jjjl <*JUPj (Jl oLlJ^/l t^dJoJ Lf a]g./»A CxiJL (AA) 

<*-*U- fc Ajj.itl,S\ 1 ^j ^m^-I (c^LlaJ ^yJa-^ax l^iajl . Ajj^lJI p-i^l J y>- 

jU-ill i\ ^UWiT- \ ^1T i^iu k. :5ytUjl)^T t r pJj ^Ujil , JjSfl aI> 

(J-p jj « />l l ( ^ I' O -1 ^ -b-p ■ « » 1 0 ^ j «i < 1 > d)l .T^V _T*o t £ ^ ^ A 

. Ja^-I - J> t jaS Ji^-I fc ( t k ^ 

Aji jUp^I (jyu -U-Sll {j* jjbfll ^jI jy ~' a ~ (J^ 1 J j-^a>JLi (A^) 

^IjJlI (Jl ajL^VLi t ^Lk-^tliil ^1 la ./a • (jl c j\JL» . oaJlLP- lmS'I jJ oJLp - "I I ^ --- i> * > ol>» 1 la..^ill ^ 
ol^^-^AiJl tJjbp- <j| (J_p c^i»L»- Jl^JLj t jj»“l ^ JJl) JlI ^ybjJl (Jl ^jjjs j* . 1.2 c o ^^libl 
r lAi^Vl «jl (i)l>- ^ .(iu^iiil ^L. ^1 La ♦ 1 UL^i l^Jl ^JLt ^yJl) aJLaJI (J| tC^JbUl 

j j.o-N<a.ll jjxj 4 (J*43 j-A (^JJl ( 4 jLx> j ^ li^Oojl fiJb JL^- c j^aj 11a ^i,«,ll ijyiil jl 

'u*y** ^ 

Jj->* lAj->bi ^^ill S^jiill oljj>-jil j) ^ y^r (j*j*# *i drf^ j^- 4 d/p L. (^ » ) 

Cji Jb^t ^UJI y\ : JZ I ,(\YV« - ^Y*r) i^»l ^t ^ ^1 ^jtll JwJl ^ UU. c^^Jl 
! ^ ojALdJl) jJ j-4 . 1 4 4 LJ 9 S/I ola «Ig #-LjSll <jj — p 4 u i p^^LLil 

i-JlJUl i j . >^Jl aJLaS/I aJ^ jJa>»il (Jl J^-jl* aJ (jl5” . ^A _ \ * 4 Y ^ 4 ( ^ AA i _ \ AA Y 4 [ . j . 3 ] 


A^\ 



(JjLlaj ^yJlj OtiljJl (jyJl <ul a\A <J^s 4<Jlill 

^jA ^^aLaS/I 'ijS'h APj-<kJ>r-oj i l ^jjl 4~*-**u Lo t ^jyJJ 

S jjjll a>*Ia1I jA JjjJij 4 jS jil ^lll <u>-jJi!lj ^j]a*.A *|Jl*»£Jl o j£S\ 

er* J l V j-^^j uLia^A lLLU-^ . (J j-sA-Ji c,,. .^a « 11 ^LaI la ; .^lL 

J-^IjlII uy*^a — Jl jJ j . W) <JUU blJUL^I J^JLj cJLLij ^U o!A-p 

LaIj . l -a. (jujl jIa L^jLipI pj Las' & £aU LLj<j Lj jjjJl oJL^J j 

cJLLi JL. JjL-j OIiLjt La^j 4 ^Jl jJl ciiJjLS j 4 ^L>-jaJI ^LaI ^Jl jJI 

ciUlS J jjl II J^IjlJI jJa-Jl £- ^-L? ^ ^ J5LJI IJLa j . JV^JI oils 

jJ ^. l ^Jl ^jI d! Jl li-A j-4 l a jj . ojlJUJLI jJI c^JLA-l ^ jjjJl ^ ^LJ: 

G. Nebbia, «Ibn al-Haytham nel millesimo : jja Jl c J - = _?-'yi UL* JU-pL L>«_5V Jlj j-*y 

anniversario della nascita,» Physis , vol. 9, no. 2 (1967), pp. 179-180, 

Dej p J Lflll ^ V 4 -jUJI a Jl JojI jjb L-J . <4— JoJl# c-^li LIjJLP 0>*j V JL>-jJ 

: ^k;l j_) Jyj>- L ^ jj ^ l * y>r ^II) «De methodo medendi» JillS j libris propriis 

Franz Rosenthal, «Die Arabische Autobiographies Studia Arabia (Analecta Orientalia; 14), Bd. 1 
(1937), pp. 3-40; G. Strohmaier, «Galen in Arabic: Prospects and Projects,» in: V. Nutton, ed., 
Galen: Problems and Prospects (London: [n. pb.], 1981), pp. 187-196, and Matthias Schramm, 
«Zur Entwicklung der Physiologischen Optik der Arabischen Literatur,» Sudhoffs Archiv fur 
Geschichte der Medizin und der Naturwissenschaften , Bd. 43 (1959), p. 292. 

Sabra, Ibid., pp. 189-190 and 209. : ^1 4 i~A JS\ ^-1 y j j^UaJd ^jjZ J y- 

. 0 J vr Aij^l! t (rr\T) c ;U 4 JjSfl jtJULl 4 >UI (A^) 

p-LuJI j <u>- jJLlI : aaJLip ( S\ jj aJLp (Jl SjLi^J (<l^1iJI) ^t.U a .,^1 1 * i L ajI Lla (^Y) 

s j.^a Jl ^ * 1 1 aJL>-IjJI sliiLI ^1 jh^LS cj uy*Ji a ^1) ^ixJl 

jJjUalj V iJLfc . A-jjJjLl ol I <*L£l oi>» lla,./all 

'J*. J J ^ Ju^jl «L>-^aJ| ^ y* 4 J-AlP jl 4 Ll*Jl M A->- jJl 4 ^yMyASAA 

Galenus, Galen, on the Usefulness of the Parts of the Body . De usu : Jiu\ . L-l* 
partium, p. 475. 

j! SjLiVI 4 — wutll jLllil t <a_^a . 1 ill> ^lk«AA 

Ibn : j]eu\ : ( jJ*L*Jl j^ill) cILjISJlI t yMy» ^ 4 IUS *Sy L*S 4 jj*^a ^JSLIj LJpjji^ OlS 

Shakir, The Banu ( Sons of) Musa. Ibn Shakir: The Book of Ingenious Devices (Kitab al-hiyal), 

Abu al-Izz Ismail Ibn al-Razzaz al- : jiaJl 4 ( j-1p jliJl j ^JLlI) Lju\ JJUS <jf>j 

Jazari, A Compendium on the Theory and Practice of the Mechanical Arts, critical edition by 
Ahmad Y. al-Hasan (Aleppo: University of Aleppo, Institute for the History of Arabic Science, 
1979); english translation: The Book of Knowledge of Ingenious Mechanical Devices, translated 
with notes by Donald Routledge Hill (Dordrecht; Boston: Reidel Publishing Company, 1974), 

.(Donald Hill) J-a jJUjJ J/ldl IJ^ jj 



CU1 JU Li” 4 J«*. s& p. cj.*^ J 4 A-jJlP £Aj JdLwaJt* j-jjJl *ljj 

_3$3 4 4-wu J-P> j^Llftj A-*»JtJl ^yaL«S/l La! . iiLLlll LmmJ AJLJl>JL1 AjLJLa® 

JjL-» j! A^U-jJl Ajji? jjl £Aj ^JLli-l pIjjj * ^ ^jiJl <_$! AJjJi jjeS ^ 1 a«»A 

Aj^j-U jJ| ^J_P (J (^jJl J £^3 J-^-Jt» (jjJUl 4 4^— . «^L»-jJlj A^.«—Jti 

jpJuj . ^j! jP ^i Vl A. l a ^Jp cLU^^ AjJlAJL>L«^ Lj y* 4 A*j>-L>-jJl 

^pJ>- (j - 4 >^ A-L>“L>-jJl AjjJp jJIj AjJLjii-1 Ls*Aj! ^1 

. ^ <> ,^.>JL1 \^S JlI (Jj J^JtJl ^Jp oJla Ai>fc>- j7j . a a1z^> AJlLJtj 

Lj^U ^J lj ojULLI J JLJllI Oj-U ^1 JJL^ aJj! !! pIj^I j! dJUS Jl JU, 

oJl^J Aj^Jl (jL^-iVl Jp Jait^j AibsJll j£*Jl AjJLpL 6 j \y*A& 4 A*>*l^-jJl 

p~~J-l) A_JL*Jlj aJ jJLll ^ JljL—JI (jlj 4 J Util J-*--*-* Jpj • 

. ^A-J AjL*JJ J-33 c3^Lp ^ pIj^jJI Jj ‘-iUfcXS^ Jj 4 (a^jJsJIj 

j ?^> *il ^ aiJLa aJLaII L.! . ^^-L^-jJI J5LJIj ajJJU-I LajjJU S a.iAj 

. <w a^ji^-i^ 

4 O ^j>- J_4 jJLJ jjJLi-l £-J j-JLlJl j-sAjLjJI ( j/3 w t jli 4 A-m^aJ cj ^J l 

li j>C*A C)y£j j! Jjb JjjJl JjLa 4 ^3l 3 JI j */3 • 1 1 4-^AiJl_^ 4 ® I ^ (£ s^Jl 4» * n llS* 

|*-^J ^rf^i ^ • L^aj! A» Jl>-jj |i <-jaJbl-l j <^*L»V l ol |» t. ^ ll ^l ^Jl^j j| (^V) 

Sabra «Ibn al-Haytham and : ^ i^,J\ \lx ^ o^~Jl ^iail . v V*L*! * ^r? 0 " JWI 

the Visual Ray Hypothesis, » p. 192. 

iJ V t^o_L^-l ^ j j all JJLi Oji 1 4--- ll JJ SjLljU <Jgl ■ ■■ ■ » Ljk * i— JL.J1 * ^1 la „fl . p *-^-* ‘ (HO 

. ,ji\ pljiu-.1 ^ ii" 5 U Jjl liiu V ,jJ| JjS 

ouij^Ji irm p«ju JjVi juui t >u.i yur ip^i ^1 : >ji (ho 

. J v( _ ^vr 

iJjjJl iJjjI II OUlIj t L_^y-l OUI ijj'yi OLill t 4_i; jj^ll (Hi) 

. \r . \ • J \r* 

o_ r y* I . 0 . \ Ji \r\ . ^ \ *\r • jUijjJl iy! llj JjSfl OLJLill *4 iJ jJUall (HV) 

w Ci^ 1 (JL^pI 4 J^*^! ^ cJLw^l ^ 

. ^JLla.^all ^ JLtAL^ ll ^jI . OJLUt-l AjjJa jJl ( 3 ?*^ <“3^-*^ 

^Vl Ji-ljJl ^i^JJ! JSliJj VJ-U-^I ^Jl J a.jlU -1 ^ ^SJ.\ tfjj&\ JSLiJl Jp <PyS^\ iail^ 

aJLs! — J l ci^ -^L^ jjil! oU^LitU Ai-^lji ^j-L-1 . l juJl ^ 

(^1 jl Jl SjUtl <j! ^1 JJLP jj V vJLliS . A,^..ttll A *. j jXuJl (jl jLipI 

jl Jajli 4 Jj- jJlJIJ- j^*jl ^Ij^oJ 4-4 y3J LmJL* !*J>- 4-^-JtJl j! UjJ . 4.»...Jt>ll 

• ^j jjLlIl <5 ^Lp jji 4 J j3-J >1 ^t J1 a 4 I Ju-P LaJLmjI Jj ttj.^-4 i » i ^ la 4...^ ^1 ^JL{Jt ^jjl 

4 4j jJJ-I <f.|JLp# Jl Vj 4jy»Jl J->"^ J-^I>- m *-^ oU^LiJl ^JLp Jl l jLil aj! Jl>- jJ *)l viJUjL^ 

. ^jlJUiII 4-jLhp jJJ li^(>- 



J t JSUI £* o j-ib« iLoiil t jjjJl Jl L^jJL * ajS/ 1 j^>J *>US 

oli^lli^'yi y L#u» Jl AjLpVL CpJb^Jl JjI LJ j»jJ_>j . ^ A *« j^SLip* cJ!>Lp ^ 


y^S y Jj->- ^jLiJl ^jJLlI j-^J £tJl Li>ci^ 4 J.^ull ^ Ul>* Lp jp t<LpjJl 

^j-jl o| . ^ jJJLzJI ^ytdU Laj^L* ^jJLlI IJLa <1)15^ Jpj . L^i>-jp| j oL jJU ^lp jjJl 

^ J* * 1 >=H C^ JJ J* p~frN 

. SjiU-^a IfLi AJiLlil iIjU^LaJI (1)1 j oL‘ *■! J>-S/ I oJlA 


^J-vOAa *L*I y 4 ilLpl oAL~o ^ Jj 4 (jydl y ol O.J 

^3 a^LmII ojp Jp JJjJl J_>*_>^ . Lj^aj La Lb. Ala. /at ^jjJLzlI iJlgj A.uLJg jJl A^^S/I yfr 

. ^jJUJJ 4 jL*PJ 


L yLli^Jl ' 

j\ 4 )) itL^j La ^p! ^1 aj jJU-1 jp aJLLJI aJL>- j cJ^U-oj 

^Li-VL ciJUij 4 ^ULiJI lJLjJ ««^Jl>JI J5LiJLl ULb LLpj jJ 4 «a~.jp 
^ k-Jl jl y ^ ^ t yiii-l j ^IpS/ 1 A^la...! ^^pIaJLII J jJaJl cJ!)LS-l Jl 


Galenus, Galen, on the Usefulness of the Parts of the Body . De usu : jJo-Jl 4 ojULaJU (A A) 
partium, X, pp. 643-503, 

Galenus, De Placitis Hippocratis et Platonis, : Jail t£L»Jl)! ^ ii*>Uilj cpLapS/I J yj 

(Sur les doctrines d’Hippocrate et de Platon), VII, pp. 3-8, 

Galenus, De Placitis Hippocratis et Platonis, (Sur les : yU* ^baJl «J\-*Jl* J j_>> j 

doctrines d’Hippocrate et de Platon), VII, 5.22-30. 

t ^1 JUP . #JlJLLL A 4 . LjUJ-I \uuyu y li^Uail L»*-plj tP^\l>-Vl IJLa y la. (^*\) 

pJo L«JL> S (ipJJ>) L_iLp >T l*J>- < 1 )|j l (iaJlp) lJl~S l^L* Uj^>- < 1)1 *^iUS 

J. Hirschberg and J. Lippert, '>4/1 : _ / kJl . «oU-l» j «SijUl» ..^ Jt LS ^y y Jp JUp j)/l 
b.'Isa (Leipzig: [n. pb.], 1904), pp. 8-10, and Casey Albert Wood, Memorandum Book of a Tenth 
Century Oculist for the Use of Modern Ophthalmologists , a translation of the Tadhkirat of Ali Ibn 
Isa of Baghdad (Evanston, 111.: Northwestern University Press, 1936), book 1, chap. 20. 

jP Jbl JaaJI jl jy>- y t ^ yj* y •— Lpj y JjS /1 

oljJL; ijjUl! oJlfc y . j ^jyJl Lcbo y't iJ-uaiJl jl yJ* £ Jaj Jl o. U* .~.4 Lp jj 

- QJ-PJJ |».« : fll ^fl -U mJ 

c— - jj ii 1 jv*Jl jj lljU^LJI C-JIS" 13] L yt^j jjl (_$l jJLl^ V O 1 * ) 

cr ait UJ JjAI j»p J b 4 ^yJL- 4 _a^» j cr AiJ l* j^i 4 ajJL ^1 j-i U5j . ^1 

I Jail . 4-^1 jlJl a J l* y> Ajf ^- 1 oU^Uil Jl ili) oljLil J> 4 Jwaadl 

Schramm, «Zur Entwicklung der Physiologischen Optik der Arabischen Literatur,» p. 290. 

Lp j-aJ Jil bl ^51 j# ^4 <5^\jJL •^tJa-Jll# j^Jl l^.JL$w Jl jLJLt 4 ^jULiJl jJl O • ^ ) 

: Jajl . *L»jJl Ijj j 4^L»sj-Sfl olpUail £• ^IbJ ^jl kiJULc l^lj 4 q^>«IJ 



-U «« 1 1 l jj» ^S\ ^k * m (y* \*j?r J 1 ^-^ ^-^L>*_1J ^^oLoVl 

« k . > ^*mj jmuj ^^ «k--»— > a>Jl OkA_A ^ - LAa i ^ ^ • ( Aj *lL>xU t ^jjlk*! ^ L. J ! ^^1) ^Ul 

l^l.w.t k-sJd (_£ jfCIl ^k—Jl p-kpl ^ jS ^la><j ^ A*ki l^aJlLa ^ku«J tA--JL*Jl j-*lk 

Aj jk jJl a JlA j AjUL* AjL^a Ajw? JJ A-J-*jdl ^JliLa ^3 ^ JJl v ^LtJLJ ^JjULa ... ll | JlA j 

j«JLp|^ . ®Lfc ^-yA >Nl A-j^-l^ l^a-Lia L^Jb-l ImA*aJL)I -AL 

jt-3j J5LUI) (_£ j^“Vl ^j- 4 j»^l L^lJLp-l 4 ^ (_^| jL ^ a-Hj jl 

jS^y^Lj lllJbT la^Pr^+M AjU C JLLal ISj ^JlJL>JLI ^yaLa^/l jjLiJi jl |JlA j . (( \ _ T * ) 

^ • A-*^L^- ^Jl Aj^k ^Jl^ AjJlJLLI j.l l.Aj Ll - a^s aZa C a j^Jl k -«. ^ - ^JJLo-w-a^ 

^a La lx lk>l JZj» (_jL> I. A ^ ^A-JL^- jj . A^U-jJl Ajjk jJlj AjjJLi-l 4 j^| ^-^Jl 5 j^Jl 

^ A ^ *^*r La-LLP 4 A^^-l>-jJl Aj ^k jil_J Aj-LsJ-k I jl Lfe^LLa <wJL— a ^^kj (^-Lll ^JjL-Jl 

iuljl^j ajjy «/3 « 1 j)3l ^-a LsAjI AjI U5 . L j ^S* ^L^-i >» jLSLLj La-^Ld 4 «A_>*I^ ^> «- > - ^3 

LsAjI iillA o, ./?7T J t A^>-J-SJl *1jj A^jljJl AjjflL.ll jyjJl ^^3 ( JJLC (_^11 4 ®A— JjJl Bj^J|)> 

. ^ ” ^A~?*-L>-jJl Aj^k jJlj ^JukM 


(\ -to fij J£-SJI 

^U: :Jp ^1 jp Ji<u 

4 ij-^+S jJ>-\ j a J+A-+P eJL^-lj 4 JyLllP 

^ ^ .o-«*Jl . Aj jJk-l ^k Lilli Ajlkla s^. ■ *>■ 

jr^ ^ ( c ) ■ C^ j ^ JJ-^^ ^-kLiJl jJ j ( Jp 

•<^1 >^>l (U)j J^aII 



Galenus, Galen, on the Usefulness of the Parts of the Body. De usu partium, X, 6, 15, and Hunayn = 
Ibn Ishaq, Kitab al-‘ashar maqdlat Ji al- ‘ayn al-mansub li- Hunayn Ibn Ishaq: The Book of the Ten 
Treatises on the Eye, Ascribed to Hunain Ibn Ishaq (809-877 A.D.), pp. 3-4. 

Schramm, Ibid., p. 199, note : ^kil L,- ^li tL - jla oL Jkji*j ^JlUJI *-m\js J^>- 

(1) and p. 200, note (1), and Max Simon, Sieben Bucher Anatomie des Galen (Leipzig: [n. pb.], 
1906), book 2, pp. 35-36. 

.v_* J vi ssj^ji t rr\Y ^ r^\^\j j/vi oljuu 4 ^LiiyLr c^i o *t) 

UUIj t \ • . 1 ^VOj \r . \ • J V£ Jj^l jUJUl ,A-Ju jJ^A\ (\ *r) 

.-Mr* .iuUi 



cj-sAiVl j-bj t ^k «■« 1-1 ^pIaJLJI jLs tJulilLjj 

. a^j jA Jlj <U-LLk! AiJj^® l£ j * 1 1 2 j£}\ j dJJjbj . <k> j-fl-U ^^yL#Vl ^nk»~l) blJLLol 
^y aJ jil! j^ill ^laJl £-k~JJ <1^ j ^ <^yj > ^il Ijl* ^ ^iliJiS' j_»l ^ib Ji j 

J5^-io ^yJlj t ( l5j £ t-k~5” A^yHl o j-^1 Iia) ajJl£ ^y* ^yJl tijjJl ^ l^»l>lij 

Ijla ^J«p jliiJjil jk Jl jlJU* . ) ^JlJl>JL 1 blJLi^l Jjjulp 

Lk-.>1 l o ^ w ^ j.* jl l*-£ . ojlJJM j ^jl$JI |» ««» kl ^yLJLa jllp JlSLjlJI 

o j-£ j-a Alii! ^y Llo-p ytfl j-^_9 <_£ j-iGl a j£J\ y£ jA L«! c ! ^ g - cl » -* 

(^ j J-^-lJl) ^yLs^ jJl |» « ; ^-ll ^jjl ^jjJLJ ^ ULc (JjLko JJL>*i)l li_* jl . * ^ j k^aJi 

.(Of.YO 



(Y - r 0 JSL±J! 

jj^ij kill jJl j[ . Jjk ^ki«j jb 

vkJi J ^ w . kl l ^jJl Jp iy AiJ^ll yl jvP 

<Ow? jJ U^J*- J*jJl (J^^® * j-ib* £-i ^ jl jS' . jJLlJl <**J>J 
. V-kS/l y>*J ej j>r^A jJ* V^wj>- t^tywlil 


. ^ • _ a V\j \r _ a An c4 .uli j JjVi jiduii 4<«j*: jji^aii ( w) 

jl Jl aUVl ^1 ^1 ckL .An _ ^VO jliijjJl li^UU, JjVl jbJUil jJlJlI 0 • 0 ) 

. j yJL* (_£ ^k* y ( j-Jj A.L^all ilJLL»lS^ c aIaII a* 1*>p J^. tijiU ^>1 C 1 ^’ 


4 o 4 (jCJiluJt- j £ jil cjL ll£ ^JplilJl 4 jiJ 4 Jj| l 

eJjsxL# <jyxj jio ^*S/I Jlxj jl lLUJl) . ^JLU-I ^A ^JaUalJl AaI^Uj 4 o j~S 

j . ^ ^^1 ?IaIj Ajj ^J a-jlS" <»jJJ r \ Ja-j ■»— a-s^ j «Aa3 . ^a) »^a.«5’ A3 jj^ 8 jS' jll 

— Y*) j aJ jiJl |*l*! c ^LJl d)j^ 4 1 jj-,a^ ajjUUL-1 j^* jj^j 4 ( J-ji>«i]| IjLa 

<j jULi-! f-l jj 4-x3l jJl 4 ^ A-m J -x J I S j^Jl j5 j^* <Jbi-l Ajc-Jaj tjyJl j-^ ^ ^~aaj . (( Y 

. vrU-jJl 

^ *Ja-xl jj 4<jijJJ Ijj^ j*-^^ o!j 1-La di)j5^ 

Jj jJl I JlA ^ j53l ^Uj £* Julxl* ^. J il**** Jai»- A]a-*jljj ( jJL s AAJll 

ULjJ <OJL>Jj Olj-J.1 AjLxj pJL^Jl jjjl 3 JLxjj . (0 — Y *) pij j£Jl) AaJLa AjjIJj 
J jjJl j5^ J^« j-P Lx-* jl ^ j-«-j AjU 4A^3 jJp LoJb* ISjj 4 aJLaII j5^ jA ^ jA J aJ| . jj->JlI 
jj JbJL>- j-5l aJj ^Jlp*«_1jj . ^ ^ j .,<a « II 4 m- « «^ a x 11 ja j-y*j 

Li jj^J jl Jjli 4 jjjJl j*l*t 0 j-iLx ^ J*A Jl C-WlxJl £-AJ *La 1A-«J (^jJl 4^^-^JLlll 

j-* JL>-lj Jai- jJp L+a jJl l*A-A d)Li 4 aJp ^L»j . c-AjS/I j->*j 

JjSll S J jU- ^iJ! 4 4>^ £fJ i (J 

( JA oJlil jJl A-jJ^ j -JLllI oLj j-iJl j-jIj C. ^ 4 A. : ^.n: fc o Ul 11a >, rt ^ » <l^x-Li I j j-S^ (1)! 

. ^jJUL! oJLaJI 

aJLP'Ls (_|p J j */3 ll ^J^-JLl- 1 A-wft-^)l AJjjLjIx J*4 *L*j! j-A jj>*1| 1-La l)J 

*- j-saU Oy*-^ -tl-j jl ^r 4 aJLp ^aJ 4 » jj^* j-j-* •aJLLaII J^LajJI 

JjU; 4AJUuLj .(aJ>!I 4L-UULI 4l>y ^jt^Jl 4^111 Ja-utf jJl) 

A-ic*UL 1 olS^ j^"l Jll-P 4 6 jj-saJ|j aJs-Aj (^^"J^J^J^^ ^jll 

AJail j-dl oLS" jJ-l jljlpj 4(^~~JLl aLa) ( Jp Oyy*-^ I j j^ 

• ° <A) >' Jl r^- a* »wl (ij- jwJi ij^t 

CjL^xJL)a*a-x j^~t Lj ULp aJLs 4 jjpxil IJL 4 J oJUJL^ ^3 ^JL-^Jl £jj\ ^J-^-xJj L» JULp 

^ ^ -l a. A * f ^3 ^fcxj I l « A > cAJL* 4 la **^)} I ^j v^j 1 ^Ll-j 4 3 L^m*> l 

*LJ^ J* 4 ajUJU (*U IJlaj . ((r . Y o J^LtJI) 

4 ^JaA-* ^ (jyJl ^apxAIj L*JLXPj . AjjJL^- A-J^ jJLj oIj j Iw * ^Jp A3 j-jj jll oL5 % >LxJl 

. «!r _ Y * ) j*Jj ^JjJaJl jj>»il 3lJLul Jp AA.^gl ^ 1 * ( 1 ) j^j (jy^Jl ^lj>-! L)Li 

.^r _ a -VAj ^ _ a J vn 4wU-ij jjS/i jLJUii 4A«i: jjuaii (^ * 1 ) 

. S' A _ ^ J vn JljjS/1 cUjLUj JjVl dLJUil 4A--i; jJUail (^»v) 

y>S jj (jjJl t ^.a.Llat <P^>- >— 4 AjjlxdLI <jydl ^>- (Jl ^Ll^VL 4 pJL-^Jl y^Joj (^ »A) 

4-x]j-« i _p-lll 4j^S > -Xil ^Ja 2lL jJLiCj U^i . i,jJ\ ij>l .ijjpJ.1 jl 4 $J\ jUiJI Jl 

Sabra, «Ibn al-Haytham’s Criticisms of Ptolemy’s Optics,» pp. 145- : JiLA i^-j-»JLk» il jiLlJl 

149 and especially pp. 147-148. 



l-i-A aj jjjJU j j 4 -j ^JLU ^dl ^i! l)_^Laj 

L>ii^ ^ y3 ( ^ * * *^ La<j JlO.il ^ j ^ - 1 Ajld C A < <« ^ ^P A5^ 

( JJ^*il JjJ* JJ J ^ ^ ^1 (J^) J-V ^1^>- jil 

*Lj j-2Jl d)l ^*-d 4 cJl^ll --** ^Pj • ((' — J V* _ Y • ) pJj Jl£jJ|) eJL>-l J 4J a.a > 

oLSCJLc L«-^! ^L*j IJlaj . A-^^uaJ jj* ^JLj Lo^j^j.* old c a^-jJiJI <J j-W 

^-dj Jl^JLII) ,j\jtJJ ^jJaJl j j_>ell ^J_p ^dl jJl < L .».. i > J_S" ^il ^j- 4 1 j-^lJ^ l)LJL 4 OysJL^ 

. 0 “' ) ((tr _ y •) 




(r-rOfij ji±n 

. ,jfJ^z^ 0 ^JLJ l*-J (jy*JJ oLJLj (jl jJcLw« 

4 effrr!" J 4 J lP*^ ci^ C - J ***\ \j£ 4 (1) J^Js> ^ial4 

. <_^-pI*-^ il^ 4 ^*^ jl^*j (b)j (a) . 5 jl>-1j a ! ojl ^ £ I jll J5* aO 


*va j ^ - 1 J vn jijjVi (A^utij jjSfi jULflli 


i-> jJUfli! t p-l ^ Jl J-il : j-liil ( \ * ^) 

. ^ A * _ ( ^ t - A Ltf yJZ>-) 



a! 6 «il A.^'j^-aJ I Ajj*t**Jcl ^ r i fl « *«^f I 0«i»A ^ ^3 J^kl! y * S > ^.Xp ^olj **L3j 

^ jlail J\jjlJil (j\> r L a 1 1 JaJL>- (l)j . .iljlJLll jSjll 1 *La ^Jp |» ll j\y*p^ y***4j 

(eJo-lj aJsjJj ^3 AjiiljJl ^£1 jilj o*l^-lj aJ aAj jlll jj^xil (_^0 A»*«jij ^jl«*»»il ^P ^£--L.lj 
^lllj ^ jll flJLp^l-a KaJLa-J! (juJl® JjP L _y^** jJl (l)j jiil jJLill J J.ya ill ^iLil ^Jlil j-A 

/‘"•^l^l JIUjJu^ ^_J 


^yiiaJ^a ^jJLl! LcJ C L^jlj-P-'y ^^P yj? yA C-i-s^jJ (j\-*Jl ^tJjJLlJ AX-Jji OJ^_C jij 

c oLj-^aJl ^Jp ^ J^2 jL« JlJ£ t lx<Jp tOJjX LkS” c A3 Jj |»l a^ 

^jJtJLj <y£jl LJl aJU? 1 jj . a-jLJ^j oi> 1 la ./? ^ > ^-LsAaJI ^ *lj^>-l oli*>LjJ 

* * 

l. av ^ jJ 0 j_SsJ ^_SsJ aJLl» L$Jl*_£ ^ j-^_3 . ^jlJLajJI AjjUiil yS* l ^^L>- I^L*jl>I 

jLS" LJLl« c ^ jJaJ iwi-s yA oL>L> ^-Jj La-L*_> ^ 4_j I 1^5“ t a^a Jsa oL>cJ.l g * p ^ > 
C ^ _>Jl J* LK <ujJ ^JUI _>JI J-UJI jl . ( " '^L- 'j * I j&i\ 

Jij . ((T _ T * ) J^JLll) A-JaJl j */>* ll ^ ^jljJl j-JLill ( j- 4 aJ^ j£51 <jL£ (^>xJl 
AjU ^A AjJLJLU (1)1 ^y*P yi -la>-^L> (1)1 C jlll ^^3 ^...»m.‘J| oLXjLi j«Aj c ^lla7.»al 

aa ^ J c^j » j»Aj 1 1 J c4 L? .^1 . ^JLilil Lg_o ,>JL^ d)lj >JL>tlJl 

^1 ^J,| J^iu L« IJLa^ . ^3 Li j-*j3-i 1 j (1)1 C i-H — > L>r- 1 L > «/3 ^ > . 1 (j£ 1 A « o ^ A_dj ^ la i 

. ‘U^- ^JLlJl AjLLjJj ^3 A>fc^ilj J^iJl AjL^./?..,! 4j j5" jll A-^-J-Jl vJI— > LS" ^JLa 


^jyJlj 4^2 . mII oj^s^JI _ V 

J,1 Ai^U oM jl^- aJ L^S” (jyJlj ij j jjl ^JU^ -l l J->) oL-si» ji J ~~A J y^-i 

j-*jJl 1 j-A JlL* jl . (Ln*-U j JLl. l l < ^ -S jl^\j 0 JJ ) ^ 1 1 I?L2-*>*^[ A^» j^, j 8 ^ (J^3 jjdl 

(_$1 CO J^ A>tlAJ O^jjil (jyJl ( J-P Ai^i> LaJ-lP C A-JLi » j Ajjj^aJ A^-^a oLj_*^ ^U1 
^a ^|j_^ ^3 C jiJi ^1 AiL^>)ft> ( A^jLi -L>-J L^JT . aJLaJi 0 J—^LS* ^s- la -»^ L>J C j_>J_Jl 
. S>- yA y& ^lUJLl L^l J^l (1)1 (J^>" ^3 t ^j\P 6'X>-1 j t {j^jy-0 

}j}A\ - 2^i\ £l~Jl : Jj^l ^Lil _ 1 

J^Li-xVl 1)1 LaLc cjjjo (jlS' Ji) Jll co j-icdl c1jL>l1aJ| a_»j L> tij ^ t. g ll ^ 

^Jp (J j./a.4»l V AjIj CA>tlijJl ^L^iL P-li y*M 0 j>±>- ^3 ^ y^P j.I. -SZ.A A.lfl.«.*il yj 

C >UI V LT J jdLJ ^jJoil s J-Ul ^ jL. ^j JSLi, aii Jp VlL. Jb^ ( U • ) 

Abu ‘All al-Hasan Ibn al-Hasan Ibn al-Haytham, Optica Thesaurus . Alhazeni Arabis Libri : j_lLJl 
Septem ... 7/e/w Vitellonis Thuringopoloni Libri X , edited by Federico Risnero (Basel: Per 
Episcopios, 1572), reprinted (New York: Johnson Reprint Corporation, 1972). 

Lindberg, Theories of Vision from al- Kindi to Kepler , p. 69. OH) 



(J,\ dJL>- ^3 L^pLmoI OjiC 4>tl3 aIsL^I^J 'yi bjy+0 

£*\a ** ^3 aJoAj ^jA ioV I SJbJLuJl <J> ix-iSfl ^JL^Ai ^LcJLwjI ^bS/ 1 

j£Jl) 4 la fl *.j aIulI JjjUaJ oUL lLUJjj ijAJ Jj>“Ij c5 t p ... m. 4 - I 

b Jl*i* ^ JS tilLc U JLxi 4 JLUi ^jA Lr &Jl j . ((t 1 — T * ) ^lj 

S jj i/2.\ 1 • ■ -/* 1 J 4«*1^- 4aAj ^3 ^jLZ <A^Sll ^y*Aj (jLi 4(fl 4>>fclA.ll 4.1 L>- ^3 (_^1) 

.((i^i-YOfij JSLtll) 




(I-TO^J J^tll 

.(<—>) j (I) S^jVI iwJaJ J^U- ^ 

. bJOCU \jJj^oj a]o! j JS cfJULc (v— >) ^ 1*JLj £ J^-lj - 4Jai ^ (J-*-* (t) ^ 


v *\ \o oiiSj^Ji t nu ^?u t ;~oLJij jjSfi ouuii <. *jss 4^1 ^1 (m) 

A J U_ 


V* 



JjjJl f^\ i jl ! (jyJL (jJbCj l $ ~+a) £jiaJ CJlS' j£\ aJLwJlI dJJLj 

Lca jl ^ aJI J-saj ^^ill oJLaiII ajcJ^S/ I ^'a^i < 1)1 V ctAJjJ t Ijl>- jyS jJ* 

A la.A.u AlaJLi JjjUalJl ^Jp J^LLM Jl5-Up ^ j-a A La 5 > ^ 

j-^15” ^...»>^S' 4_» jlJl^-I ^jjl d)l ^ | » ***. ^ -i 

t (JLJljj . (jyJl {jp L 5jJ^l jjSJ^l AjLIpj (J^ oj^li <UxJLP L^-J Jj ji Aj 1 Nj t e-jJL>»lJ! 

jS j .jL%*^jVI oL j^xj ^ja Vju lLLjISCAI oLlJb ^y* jlS' a>- j^\ (^-Ul J^-l jU 

^Jp aj^^*_*JI Llg L a *» 1 4 jA^ (^*-^Jl (*J-^aJl jl t A^jy^ djUa- ^ ^-A (J| C ^ ^JJ L*xl 

oUaUL^N I jj (j^ ^^3 t (J j>-jJlj I 4 ! ^ 4 >uj (_ 5 ^ * Ji^-Jb <• {£j& oS>-j jjb 
(Jl <JlJ&- J o+aj < j-« * j-s<aJl (JIa1)1 JJLP jL-^j'V! j^lji? ^ 

. a ./* ^Jp «LjJL*-a a cJJUj ! cii-jL^-il ^j»a b L j-LJL) ^JL>bJL»>» 1 t oltS" ji^l Ja.«.Aj 
a j^Jl 0-3 JlJ bU . <L)J-A-A A^t^JUP AjI-L>J ^Jp APj -*/> yA AJLSi jlj^jl 

aJLjLjT SjJL c 4juiLa iQ 3-ij bl LaI .^^*'^1 iw*jl«J-l (Jl |» J a . ^ - Ljili C lo j^P 

Jl^AAj LsAj! c_S j-*-j |» t« ^ H ^j-jl (1)1*^_J ^ «. la . 7 . fc M-> V C A^L^*-4 4_3 

WAj^JjJI® plj-s^Vl iauj . ( 1 /vJtJl lj-*iLj-4 Ijil^- Ip-j-^ (jl t 

lU-jLSJlI b^>-lo L^>LJL> dlJjL) 1 A* ]qa C-JLSlLl i*-u>»Vlj ^ A A«» .^glh) f -1 j-s^^ I 

1 0 ji j aJL*— « ^Jp ^jJl >1 j^-1 d> LS ” j . ^y»-ll ^Jp a-j j^.^ll j-oIj ^Jp 

^ illiA o j&i jl M mJI HU* t (_^3 ^-iJl ^U-JJl ^ jjfc jyJl (Jl ^Lw*JL 

^Ja_^ ^j-a 4 L a i Jl5^ ^j-a LSMi^l c i/v„*Jl (J j-z*"} (J»p j^l-® ^jjJl 1 j-A ^-a j_>-1j ^L«-i 

.°'°Hrl 

aLL^all IjL* AaJ-SII (\) 

AjcJjVI JiT t jjyjl ^la*A ^Jp <LO^«*ftJl V 1 ^Jp J 2 J 33 aj ^ J^j c pJL^Jl ^jjl JbcJwa! 
j-iLua JL>-1 j (J^^d 1 aJaaj JlS^ li^-lajl i IJL^Jbj . \**j> j-«Jl j\ iijlil 

LflaUj <£11 cjls* (^jJl ^llL ((Pbi^lu AjcJ^S/I bJlA J^a AP Jail^j t(jyJl aJLp! 

jll |t-uj I aIlaJJ M-laaj jJjUaj AAjjJaJl oJl^j . J-l ^Ja^» ^Jp 4jjJLsdll 

4-uL m2j ^3 aL-)-J AAj ji? C ^1 jJ! ^3 t j_A ^1 As>- JLA j Laj . (jx^l (^ Oj j^ll J 

L^La Jaii -X^-l j ^Jp Ajlflll ^ J j-s^a>«JJ tp—^-1 ^jA a\ a4» Jl5 Aa^LaJI b.Lw-dl inJ^Vl 

t (ii, ii) v^i * v 1 ^ 1 uuij 4 J< w iijj Ji 4 lij JjSii jLJuii t 4 ij jjuaii (nr) 

/v iijjJI 

Sabra, «Explanation of : ^1 c a^JISLa oLliJ ^1 LliL. J^p- (ni) 

Optical Reflection and Refraction: Ibn al-Haytham, Descartes, Newton, » and Rashed, «Lumiere 
et vision: L’ Application des mathematiques dans l’optique d’Ibn al-Haytham, » pp. 28-32 et 44. 



. (ijJ-ii-l aL->»1 jj 'jS yi\ ya j\ 6 J*y\ V-Jtt 3 ya y LJj J l Jp) 
yLi3 ^Jl aJUL£ y aw* yJl oIa Jl a^L-VI y^> L*Jl pJU$Jl yl j»jJ jJj 

a jXll ya aJ yJl 4 U-^cUUj LjuLi-l JliC vd~s»- 4 yJj£> l$J AjL^> j jl . jyJl 

l jLa U jia Lk>- jl . j*Ss Jl 3 j^Jl ya p^wM-lS* LjJL>JLJ yaLaSfl ^La ..Jlj ywaJl 
(_^3^ *XjJ^ pUaP-L aJ c A^jJl 3 j aJ yJl ^1 ^ ywaJl 5 ^5v)J j\jj j^Jl y^5 Jl 

. j\*Jl £tkJ IJLaliCU j j£jj 4 0 j^l^Jl AdLLiJl ^IsL^x^l ^2? A-JLp jjaJ. 

y* aJojSj JiJ jJy j l a l l ^c3 jil yo Lla Jl *Lulj JbJL^- y^*»> _^j>*il I J-fc aJq-.J jjj 

• y y-jljjjiaJl ^3 Jlj p~J?\ 

S^JL. A-^USll jl 4^>o 3_4jLs^ ^>«_>«_> L^pJlo L>LJ| jl^JI yl ^jlajj 

*y+P y (j) j£-i y oLiilj [a JLJil^J y y jJaJl jl Jy . ^yjyy 

. . . iyca Ja Ji>- Jjij aJLs^J yJl Jl^-iMl JL3.1..J y Jauii j . . . c aJ; J l *LjSfl ( j jJj 
oJLP Jjj J A«*Lal 0 J j«>- Jl jyJl J[ y Jl ya A la 5 t ^1 j^ j-~-Aj L*k-£ 

Jp ^ j>- Jl Ifr-Jyj PydJl J^-d JJlio dll j J Lfl^u V jydl jlj Ajall^ A^Jil*~a Ja jlai»- 
j\aJl a-* Aj3 ^^aJI A^Jal Ll J a jJai^-L <jL^*iS/l jy»Jl ^1 La I jjo ^da^<u 

j ^>J jl I ^ 'x l AamAXmJlI ]& yka^-\ jl I ■ ( Aj“^L^- 1 ^1) yj L^.' ^ -l j*/3 n 1 1 

c La . aS" yJLa 5JL?-l J ikU <Jp y>- y L»*lj5 y ySL ^ La jy>Ja^Jl yJlA ^Lp Aji j^p 

£ jA ^\ 4 jLj j^Jl jlj5 ^II y > jliy f> LS ^J^\ l > J J l a »->a y j>*-ll (Jl ^Ll^*VI pJL> 

jX^-i 4 ^ ^ (jyxil o Jj>-I j a]aaj < y 4 aj-lJ-^- 1 A^jjJaJl 

jfNjJl jl yo 4 JlllL . ((l->V* _ Y * ) i^-dj Jl^JLJI) A— <bdj yi ya jLlIl>*il L^LpLaJj 

p-^yLlI yj 3^ y >- jil Ay^ jjl A-^yl^Jil Ja L yJl (jL^Jj^fl ya Li dljJJ V 

J^-^0 uy^\ 4~Z*dj £yL_^ J-^ Aj3 j^-P -Uylai»- JijaJI j5yj 

. (no (<tr.\o 

jl <J^Aj 4 ^y+0 yt ^Ls £La Ls^jI y& Aj $ y*S> A.A*dS/ jl y^>* ^ 1 I^Lft jl 

^JLJLj . aJLjLa JajJa>t» ^J.*.<flj yill vdJUL Ly Aj3 y*S> Ja^.la>o A-L^aljJl *lj-*aVl 

^Jp Aii3:ll oJla j^I JildJL L^>r-la«*< ya a! >jl) JS’ y ajJlJL^- 1 j^ JjLaII y«»3 

Ja jJLi-l ilJCLal ^yp J-s<al jJl JSwJL A.la3‘.,ll ojjfc y jl jy Aj^ j-a-jJl Ja jJai- 1 ^IJLlal 

AjcJxVI ^L*-JL«xl y j . aIaaI.) A. la Aj y \ laT ll yo 4 jil (, ji\ A jLS^ . ^ ^A3y»lll 

J U.^V jljj^l 4A~oUJl j JjVi jLJUll .A^^JL^ll cj^JL^I yl: (^^0) 

. J \ • o 

Sabra,«Ibn al-Haytham and the Visual Ray Hypothesise : Ja^\ t ^Jaiil ULfJ aL* 15 w>y Jy 
pp. 193-205. 

.S* aj^i tiyijiij JjVi jtJiAi t *_i; >ualt (\^n) 



^ j^aa {jA < a 1 *La o jill l\jL 4 XA j^iUJl IjlII Ujw* ji^SlI aUL-JI 


^jUUUI 4mw#Lm>> (Y) 


aLo ^-PJU c jydl Jp ^U- * {j^^z t-*ji c ^-Ljl oUa>-}ta j| 

. |lb^J 4Jj3*Z£ (_£ ^jJmJ Uut *J Oar*** Jj 4 <-M»>J 0 j-iJl oIa*^4 

Jit J-*£ 5 Jp- Jit * j-*a)1 ^ iS j >~ t IpI j^t jt ^ t^lSlI bU- Lj-p j| 

.°' v> j lVl lifl UL i~-L^ 

oil ^t «^iiJL 4 ^ oJlS't *1^^ (4 jJlU-I j^i c t* J1 JJ 4^mJl)Lj 

^3 AJL^J . oLj >,<a ; ll pJLp £_£^Li Ldij J J>>Jl1L pj t,h 1 1 cili-i ^ » > - t AjjjJL 

. ^j»L«.«<.^^/l J^>«mJnJ Li 15 lltj P y+/3 1L> ("5^^ ^ Lfej 4 <m A»!iS |H«> 4.«-. fl i 0*3 ^Jl 

j^izJ jt jji la 4S f’j ./j\\ J-aIj oLLL l l JaL^jS/l ^j-P 4j^i 4 JLllLj 

4 4-^L-jLI ^jp c-»jb£ <LL-JL*j ibJLU-l Jp p- j^aJl J*jb Ja Uji ^jjl jt L*jj . ^ ^4j 

j^i ciaJ — Li Pj^ J| JL*£I Lo aLU pi\ Jl Sf^ JJ jlj JLL> bJb 

^JUl j»Lo*Vl <1)1 . p- j-s^aJl ^jlp / s ji j-p oL^Lca 4jL1» j dJLLi aJ j ^ ajJlLLI 
<L>- jJaJl jt oLaIpI ^jjii . aJLa 6 jJaJ 4-j->- j JLSJj ploJIj L^jJaJl ^.jiSLlij 4-^t J! a^ju 

4 *b a y^" L^t 4 jyjl J 4-OJl l j£]\ J>-b JL«5t j l^ila^ l>Ja^ jUJlAj 4-JjJlj 

^lj-s4»Vl Cjix-pl jj 


^IiamII . 4^jlill a)L<m11 b lj 

4 J jkJLij 4 JjJLuaJl ^ ^ ll ^1 A^J> j& ^JJl c L-jU-l Sjj-^aJl Lr S*& jl 

jLm^VI 4 4^1 A ■ ..i*. ILjJ . 4j4jL 1 ftJL* Jgl 4 ’■ > jj ■ ^ II Jffl d ^J_p Lj^j J . s*"> Lj>- J 

^J»LSJ jL^-Vl ^Ii-T 4 4-urf S JJ j-yg-llj ^A 6 J.^,5 OLLU^il jl 

4 4jJ jJI Jp ^1 j-oll Ula Jo J~iaj JLLP 4 jI ULaj . I ^Jw> O^li _ /r P ftjlil PLo jOlII 

t#*) 4^4* (*i*J*-*J *j*\) »JJ-a 1I 4^*ri 

.(jiiai 


- J \ -V jbijjJI li^jLJII iJUlIj c j nv iij^\ 1 UjI J\j J_,Vl jUUll 44_iJ jJUall (\ W) 


. J \ • A 


. J \\A_ J \Wj ^-V^M .i-iUlj JjSi OUllill 4*_ii jJUillOU) 

. Jl \r* Zjj!\ 4^uijjjSli jUUll 4*_i jju-ii(\\^) 



(uyJI dLslSL.) J*JU oVjU 0) 


j* 4 0^*^ or'j^ ^ u^-i *jy»JJ |*-~?f^ v_l^j jl 

JpLSj JpJJ A-*-*iSll aJU JL>«JL) 4 jji jJj . jydl JJ*4 aJl J?lJL*t <L>- ^L-t 

(Jpj AJj-^I <Jp \m jl ^5 Aj3 y*£> AjcJ^Sll IJU j j£j jl £il j Jp 4 jAlalll 

• i m fir g ^r^ J-^j^l C t* a^pIa-IJI i? jiaiM ^® LajLwb Ls^j! JjU> L^ . ajJlLM 

jl* 4 viJJi aaLpVIjj . <j^*JJ jJLJI '—*& jd! ( jfi> oj j^oj ^ IJla o-U-1 c-. ; ^x jflk»j 
^•■^-P 4 A^ j ^ ^ 4 £ * * 'A’ A-pl**i«Jl Ja jJa^-l A~mJJ\j Ajcm*S/I a.A ^ 1 aJUJL^> ^iJl A>o>^>- 

ciLLiJ J>- . ^tladJ jcijSll i <>* a^Ij JS' jfj* i*-b 

tj^-*Jl jj-saJI Aj jJajJl AIpL^sA epl jj ^iJl ^J^-l jil a-Uj IoIp^j aJUP x'b/l 

■ ((0. YOpij JS^JI) 

.' <i ji jl ^ lai~J yi *~A ^ jyJl L-ilj lil 

Aj^Jl j* (J\ ^^pLft-J® jj^ l)~^ C^O A*-» j-dJl ^Jp Ij3 j-*P UUJi jl (I) 

. ((I o _ Y * ) ^yj j JSbUI) ^JLi>*JJ ^iLaSfl ^IamJI L-p jp j (<LJ jill ^1 4 a j^JwaJl 

. ajj-s^ ^J5sJL» AjJLJUM (J^p- {j* jaj jl {j* c-dw >pl jjSw* 4 L-p jP AI AsAjj 

^^pLu-Jti jj^- ^Jp (it) ^JLJL£-I ^o—* ^Jp IjOj-aP IpL*-£ j^i 4 ( j«J^aJLjj (t-j) 

4 ((c— >G — Y * ) p-3j ^Jis-iJ!) A«o jjlll ^Jp lys A j^^-j— «* (a A y JLwJl A ^S" AmmwJIj 

. JXj jl {jA <*JLa*x > I j Ail J 

A-J jJjJl ^Jp Lh- 4 jT ^^3 Ij 3 j-«p jl t Ajj-s^ L® (^ 7 ) 

. ((g-o - Y 0 fij JCSJI) jLijVU (it 4 aJl^I j ilijk* N IJLaj . ajJlU-I Jp j 

(a a ^£J l j^® ^3 ^jpL®-^ j-fcj) (jj^l ^tJa-**Jl ^Jp (i3j-<k_*Jl ^IxJiJl jj 

A j£ll c5 pLc. 1J| (jtlJl JlI J-P tiUS JL*_) 4 iuJLUJl) ^^aLaSll jtlfl-«Jl ^Jp Ij3 j^oP 

. AjjjJl 

a j £ Jl jA ^ ji LaJJP 4 jy> lazuli ^^P Aj3 j^P JjJLP j j £ j AaJ^S!I jl £®J (^) 

. jyJl ^ A *a j£ju» Ajj«vaJl O J JpLh^ LjAli 4 j^JU A^l^Jl 

LjiU dJUJJ 4 jL^ll ^ji |yjtd ^iUJ L^l j^l ^® Laj£A\ ®j j-saJI jl L«jj (>p) 

jli jLw^jl o j^3 ^yJL^Jl ^1 ^jiaj 4 ^lllLj . ^3 1 jJJ AjliUdL® jl A-JLa>- j j £ j jl ^ 

^JLU-I { jyi Ajj^aJ\ Aili^il c-3^I>-l jUlp'b/ 1 jyu UJL>-I lilj . AjJLJL>JL) ^yili^-l ^LuJl i Jp 
^JaLaJ ^Jp JaiU^ 4|yJall!l aL^L jj->«il ^jL>- jL«*^iMl jli 4 cJ 5>-L>'jJl |»->^. 4 -l J 
pj j J5LUI) j^*Jl ^ Aj j .s A .l l (i^j^jJl aU^VI Jp JUJj 4 j^j^ A^JiVl 

.((Io-YO 



(« _ r •) (jj 

(j* cri^ | *-"j 

( J../3AA j-j-i J^»-t ^^aJl ^lajl) jLj&Vlj Aj^ j^aJI 4a*£>SM £pL» ^lJj>«l^L) 

. (p)j (n) 




4-aL^I Jpj Js»UjJl JjUaJ jj J p t A_J o^Vl £*b (1)1 ( j) 

A-W3-«Jl C-JLvaj JJ J^AJj 4 ci J-^V I j-sA Jl 1 ^-sAjJl <Juyi- Jp la L>~i 4 ^ j_*_*Jl 

U L>-jlj^a 4 j^Jl ^ jj^aJl JXJLj a)LJ UjV ^k>- <A±J kJl a-Lf- ^JL^Jl JjI j*JLa» 
jp b"jJ JjS/l 3 ^JUj ^-L3 j ciAJS £4 4jli 4 aIs jli* Oj>- 1 jl j oLj^aJl 

. <uaJb>«il (jyJl *lj£j-l i*JSlbj |t-s<aj AjjL*£iVl aJVI 

sU*LI L u ^LjI : jl~£VI (Y) 

Jjx.« tjl .) jJUllI ^ jJajJl Ap3 j^ Jp 4- ,a J L>" A_Aj ^.L a > ^ ll ^jJ ot Jap*-VJ 

^ A 3 jl *4 ^JJaJ £a jl j .o J L^ib 4 jL*p ji jjJa j jl£ 4 ciUi ^ ^j-^jJLj i jyJl 3 jj- s^aJl 

j^>cj Ajj^aj C->La jJI*j> UjJ JiJ Aw? jaJ! A*JfVl (1)1 wLllSl L> JlJlS . pijj^aJl ^Jp 

AIjjj ,j£*+-i t LkJLs »jii ‘U*-* l— =r (1)1 Jl ^JLa jLJil JLi J . J^iJl AAdj4 4 <j\Jl 
L*jj . (1) j$j ^>-S/l L*w 4 (jyJl) ^^pJLsaJI c- 5 jlaJl w> j-SJIj a£***w L«JLP 

A! J3 tiilJJ 4 jydlj {jA aLuj £PjJl 1.1 a ^ {£$ j*P Ja^~ ^1 j ^ 

a£L-wJ <_£ j->- (3 jjl) I j+j w? L-^- jU 4 ^ ji»-l 3 j-^j . jL— £jVL Vl p-*-J-l ajjj j-L*ij 

AP jW > yA U-w>- - aJq.aJ ^JaJo V 4 A,,., A* *-^a (1) J-So ji»-S/l U-U > 4 ^WjJl f£Xs >- J ji 
AjJj V Ajl j- 4 cr 4 (jj->»il) A-w-jD JaiLl Jp- a^-l jj 3 

Ji ij . (jyc)l ^ Jp Sjjj-saJIj ^Ln-JLJl ciiiJl] 4 JjL« ^IaJL) 1jc«j VI !»-.■■«■ J* I — aIaa’JI 
. I-A^ljj L» AjJ jJ 4 AiLi-ij 4 Jp J& 1 jj-j 3 l^jVl (1)1 Jl diJj^ jLil 

La JJp SjjVl L^>c-^ Vj 4 (*1; J^JLj aJ (1) JajJ-l Jjp AX-i^ La J-^*J <1)1 Ja>-V J-A3 
pJL^Jl ^jjl Jup jj 4 0lla>-Vi1 oJU ^ IJVJaJlj . (jyJl uy 3 ) j->-jj> 5 j;J»-Vl oifc J j5o 
jtS’ J Jj . jL-^jVIj (1) j^Ij Ao jil ^L*^>-Vl iilj^V 3JL>-jJl AAjjJaJl d)l eiLLa ^bll^l JJ 
. ^ ^ iJ-j- jA ^jAj jl J*# I ilia.* ^ J ji aJLII a -L a jl L»Lc iSjJl* 

AlLdil ®AJb*pSfl Al^L-wa® « jLX»VL jj® Jjl A-oJLwS jl U J<ps\ I^J 

Uli aJ ji^.-: j ^Ui ^31 jJJ Avails jJLJ aJL^II o-La jU t ( jtbll calls' ^ a*jLJI 

j j la.: j 4 ^Jl jJl ^ 4 jj>V I (JJLaIjj . JjVl aJUII f-L>- L» Jij 4 3 ^—.^11 a*J^VI 

( jp A ji jt~£jVl LaJUJti . Aj^ j-4~*JI Aa-jS/I ( j-jL— » 1 Jp A-jLsaJI JjP AjjJ 

V jyJll ^5 j-j aJl ^UaJl jl C-JI JLb . 3 jJaJl obyaj IJL* a1a3 ^jP ^ 4ojjvaJl J5wJ 
aj^ j_^-xJl ( j-jL^1 Jp Vj La p— - >- aL.aJ J5" t j^a Sj^LjaJl An—tVl 3 jtS a. 3 «, <a" 

Sabra, Ibid., pp. 193-194, and Rashcd, «Lumiere et vision: L’ Application des ; j Ja.J\ ( \ T • ) 
mathematiques dans l’optique d’Ibn al-Haytham,» pp. 40-41. 





IjA ij-1 * j V Axis (j-j Alaikt aJa J aJ (JjlAaJl ^Jp Ja$b£ 4 dJU JD . 1 $J-a 

AaJxVI 4 4_oj jJaJl . L^j-«-p ^iJl cfJJLj Vl 4 aJL* 3 Ajt-iS/l 4 (^j^-I 

<L-» j .jlD ^^-aLaS/l ^J-P (_£^j-*-*Jl JuJL£ j JL3j . <~J> j-nJl {£ 

oJl5 jJ b 4 dU J jj . ((^o - T * ) pJj (j^j j*« (_!! <>.,>., % 1 L 4 ^jlJUJlJ j 

. (jyJJ ^^-JLl £ jil ^jA ioli A^P In-Jit Ua jlai>- cJlS* jJ US' 4 iSjJba AaJjS/ I 

^ JUiil 4J1 . <j*>LLVl J-p U ( _ r J Jl>Ll Ula ^ pJL-^Jl j_jl La j 

(31 4 JaJa3 iJlnJJl ^A 0 j-JiLll 4-0 j-ajJI AjcJjSM j~-*^ 4 Ulla* ^Ajli l j 1 ayJb ^\,j\ c-A3 j-a 

viDb 4 jiS*! • A*-^ jjJl A*-JxSfl ^J^iJ U^ 9 J- 3 y* 

JaUJl £j£> oLs^ jiJl a-igJ i5 JLtl\ ^-waldil ^^A AjO j-4-nJl *L*-JxVl ^^jLj j . Lo yS> ^Jl 

Jl_>- ( j-a (JLaIJN I ^3 4 a 4 o jJa->- oJllP ^Ijjl Jl^-JLj 4 iiAJS £-4j • <-2-»Lla_dll 

. (J ybJ J^>- Jl 4.U2 ,m.,U Sjj^aJI a]LJl 

(ab^sAJl 4jj>fcJl SJlp-JJ jj+jaW 4j^-Ij^jI) \ 4i)Ull aJL^II _. ^ 

JlS” ^ Lj5 y lj-->- iil j^^/l o-i>*jJ 4-jUJl ( j-i j-p (Jl i>-LLl Jji^- 

j ui ! aJUI ^A 4 (_£ J^-I oLaJJXjj 4 aJL-JlI d\ . AjJ J-U A-^jJ^jJ-uiJl aJVI 

j\ *L>-j$y» Ajjj ^-Lul */l (J^ cjy 9 " <_$■* 4 iS’lj^l Ll^^Lw*! 

SiibJl a^p jjJ! ®oU*b-%jJI® Juj>- jJ ^l aj>*_*^>I jJl aj>-LLL I j_^>-l Ji j ^- jL j-Jl oL^j . ^i-Ja 

|»JLS Jij . u. ./a n llfl >,»,! i 4 -J l .,/atll ^ JL>-^lJl IJLa ci| 

JlSCJ ^ Jp j ^>* i! a^jLaJI a-Aj L ojJl Ai^LnJl ^J-p a^-LJL^ lI^I y * o I L > 

^jc--nJLJ j»LJl ^3^ j-JLlII ^L^>! j-iJl ^J_p ol Lsiul . O^-p 

(J ^_^-J (jl 4 _— La. f 4 A ««> J t ^ jJLw-ll ^J-P (jl^-»^-Jl (_)! C-*i £ 4 ^>*1 C^La—L^j^} 

^ 1 ^Ln—Jl 0^ ^^P I yb\ • (A-b-JjJ 1 j ^|p Aj J */3.M I l^ L/ 3 P^f I 

(Jji «i^> >" JLLp j - J 1 I i-LpI Ij-S (_) d <■!<..'>»—> 4 ^ ^il ^1 la— .xj 

/^Vudl 

jilii ^J-P jJ 4 jLiljVl iJi-A ^j-p ^jLJ|j 4 )1 jjjl A^aJli (5 JJl (J-jA-l j-*-P 

Ukail^- 4 .xan.ll a Li ajb ^ib . c j\P A-— <U-I oL jJLni I ^ <3^*^ 

L y»Lo'yi ^j-^-l (3} L*.^» ll ^ ^oJL-J 4( c pLsAAll A-»-JaJj) AjLajJLn-AJ 

^Jp aJ_a-*J| 6-La jj (_^l (31 ^ j *** ^ Cj* jtP’ jJi Jpj • c/ 4 


Siegel, Ga/e« on Sense : jlaJl ol> jj-JL* ,j- j-iJL>- oL> ijjLL* J j->- ( ^ Y \ ) 

Perception , pp. 103-117. 

_ J U Y jUj^ll t rY\Y £lli c^Ulj JjSlI jUUl 4 >bll ^LS* c^l ^1 OYY) 

. J nr 

^ • V 



J y jbbfll y\ j&i ci^Ji ^IaJ! jl Vl 4 Aj^-A-J l£l[+A 

* aa-IVL ® ^ ^-j-saJI JU&l £* ajULIj y^jj tv-JLsollI J[ oL*L«*>-Vl ^ib J^aj 

*y *& ll L^-j 3 d-4ij I Lf»~Aj AAj jJaJL 4 <ww3-*-ll c_d ^>-Jb * j ^ H (j| <J^JL j-^3 

a-L-fc a_JLj»s <bj_>^il (oLJrfl., JL Jl t (jtjJL-5^-1) Jl c oLj5xJl_3 j! ol j_>*_3 j - c . 

b-' 9 j^La jj-vaJ b-^l j-jj a Llo a U.2j LUbL-,1 «^3 j LsajI Lla j . ^ ' Yr ^ob>*jbJl 


blj c«1S^xJLLI ^ ^LLa-*^ 


(\ YO 


J->*Ij 4 ^ j->-I olaJlSbj . 

•1>-Ij j*y y 2^“^ 4^1&>-L C~5l _y 


<*— £-b»JJl ^ L-*L*t ijj^ c^JL^Jl ^l JJ A ; ~ jJ b a 5 (wjJj j 

JjUalll Jp JaU>JJ A UJjJ> y AjjL^JU AjjUl* oLS* ^>- j| . ^jwxJl J-«l5oJl aJLp 

*-^*p J-a^ c &<At\ y* o>* Ls" j>- ot US’ . {jpy JS i y t lJ ^11 

• U—aj ‘UJs jJI «■ Jl <>* jf y\ *'yr Jl (*— J-l <j-* b* ^aJl cJb&l 
(Sjj^ 4<aI^I y ftJjJj lf >- y ^ yy p-** *>- Jl v_*3l jil Uo^p t Jbll J-** 

i»«—J-i J A, ?*y ^Ji i-U l*jjlpj . g ^ a " ti b* bbjUi> 

j->*_> bN^ A-wf- Jj . OxJa-kX P-lj->-i ^ 08 ^* (3 AjJ-^ OL^>cIj ^jj bli C y ^il 

(nt )^jj^ If* I p jI ISI Vl JjSLm aJU- y <j y^)l\ OyJl *^Ij y j* -^r 

c s-LaaJI y {j C j L j t* I y» bb j j-*a 1I bj^» V 1 *JUp 4 a^3 4 ^xaJLJI J*a^ 

aJU-I oJla . (5j^-S/1 by*-^ ^ j-^rj byy^^ JJ *-^1 jU j^t bjnp ^1 

4 ^y y?>j -A-ll ci^^Laj 4 Ammui* ^yr y ^JaJl Jl^>«^mJ| J-^* bl-*3l jJ( V 

Ila j J- j Vj . "k>- j±y bjj c.^mj bf 4 JUI ^UjjI (^1 J y*&j>- ^j5bk-» V dJLJJbj 
ill j^l j-— 4 j 4 by* ^ «UjbUll» jj-aJI b-dW^ I |»- b ;fJl bH* ^ 


ilb^b ^L^>l 

^^aJI ^L^Vl ^jl 4 L* bi bjj J 4 ^JLfJl ^1 JJUJ Ji-ljJI jkil UUb 

^UVI ^\ Jl V j-aj Ajj-aJI SLilb aJ j-aJlIj uJLaJI ^ <b yrj \ I ®ft j* aJJp 
uy^l y hj^ 9 b^ ^ 1 ^ aJI . (uv) ^baJl y 

a-saSU yy ajj jJl A-XaP bl blx jlaJ . <wJLai)I aIs-wkI byy*“ll y > 

ol ; 1 t 4 j^b Jj^i obiuii cA-j; jjlaIi (s rr) 
JbjSfUb-iUlj JjSfl OUJUll jJLaII (^Tt) 

. JiUl 0 * A) ^ 

Schramm, «Zur Entwicklung der Physiologischen Optik der Arabischeii : j la il ( N T 1) 

Literatur,» p. 234. 

.*- J \\r Zjj}\ r^u\ j jjVi ouiuii jjlaIi 4^1 y (ntv) 



Jp £Aj 4 il*ai Aj^La p (j j\j J?Lb ^a La^aj l)I ^aS i ^ lil 

Sija>-^ll ljj^a]\ jjj 4 JllJLj . AXac« *S j>- dJUJlSj L La Li L-ULaj AjL«*a 

oLLp aL*Lm J^l>- La^mmmjSj |^Ja 4 .^3 .Jl ^aLaP-^J oiLa aJJLC LaJ 4 ^yJl ^3 

. ajjLSIIj S j51 JJl j aajL-JI cJjUIlj JV j cJ jjdJl 40 j 

caLiL^JI® JjU aL-^I L$ i4 (ji>«iJl ^ aJo>>^L» a>^j 4<33| 4 j-* bljj L« 

. ^ ^Ajj jJI LaL- Li A4JjL» li JlSjc* j\ jy*J& aJ| . SjJJ ® jI 


iiU. 

-LLfla A.>«I1j La Ja 4 A*«jL» ^Ua La jl ^JL^Jl ^jjl j^JpI Jail 

o«A_A ^^a-*«a^ 4 ^j\aJI Jl A^ro^i R ^ 4 ^ -Xaa l l 

Jp ^^LU LJ jau di . Calaj-sA-Jl t£ilA Ltt J AlSLill «Aj j-s aJ| Sjj^dJl* iliJl 

L J---P j-* Ju tLjjjJj 4 <1)31 4 Oj£j ^ ^j^jLsLl ^lL*Jl 

4 ^jL^Jl dajVl J| a^jJLj . illjiNl {£ y +~+A Jp (C)j-Ulj p- j */i l l JaLii L^^L^-Sl 
. AiiLJl oLjJalll A>«-p ^JbJl Jl p-JbUll ^ 1 j-ji j JlC AjJ jU p-Lfll ^1 AjjIa 4 <l)li 

jLwa) AjJjJI vlLal^a __ I . j j^i AjJ ^ 11 JjP AaJi ^ |» Ctf} JZ* 

Jl n*l**+jj A^ISUI 4_aL**S/l Vj ^JLna V (^JlJl (<j\adl A*JLp1 <J^L>- £jA tj *Ja 1 ,1 |» « 

fj,\ eJ jJtlll t Jp JloJLIj V (^JiJl (c-JLsAlJlj AjJlJULI aL^I ja) — 4--> ^ 

^JLu ^^lll fliaLj-Jl A^wjLL-U j! qj jilt Ajj-saJ! ^ • A->- jLL.| 

. ^yrjLt-l |1L*JI illj^L ^ua j 4 14 JI AjJjJI <L*L>- AaJLij La 

^-p AaIj JjLJI ^ 015 (^JJl (J^3 c ^1 4 dlls Jl AiLs^VL 

Jl3 4 Ajj ^J l (J La J| A. JL 4 aJLkJ £ jS>~\ laL^-lj UL>-1 aJLo 

JS\* js\ (^^Ua.a AjjjJl p-t* <1)1 31 4 A-a^S/l ^ Lpaa LjLmI* oLj^AuU dJL jJtJl 

ja a*>- j]jjyJ»5\ oLj-^Jl ^jiJo dJU JJ . ^ j p-L^atJj (L>- jJ ^JL!) jJLiU j» 

iijJLl ^jlS^ < )m f*j AJL?*^fl aILII ^ja AjJjJI A-kxlj^ c.JLai»l jlaa 4 ^iljJl • ^L^'yi ULfJ 
Ijj^ai I ^ j-fAa oLau/b Lb jJa A-aali^ JaL^uo aJLJLp Jl # jJaJl A-xL>»j ^y^jli-l jllaJl 
Jp J3lAi-l >_ I I A^:>Al JaL-il Ui . 0>*J^ Si j_>~ jilj J^LJaJ ^ AiSLUl Ajj-aaJl 

(jl^ll iJljiJj Sjj-aaJl fcSjj-aaJlj ^^J-l ^a aLS:» a la St ^JjUalll 

J-S' jjai ^jwjT 1 > /a a ( yJ jj-aaJ (jU--*Jl cpLa ^LaJal jt illjiVl SJ->-j _ ^ 

A. I. Sabra, «Sensation and Inference in : ^^1 -jL-ll ^ Aa^^lajJl aJu ojlpI (\ YA) 

Alhazen’s Theory of Visual Perception, » in: Machamer and Turnbull, eds., Studies in Perception: 
Interrelations in the History of Philosophy and Science, pp. 169-185. 

\*s 



f — ^ uy-I' J <£* ,>* - •» $ Jw*Jl Jja aJb>-l j 

cj*x p-j t Jju UJ aj yZ ja JJLil a-l* c-y>w?t Ji j . £LajJl l^j J\ ik^l ^Lul 

. aJju Laj o j!5o^ J! V J Af>- oLj-/ull pip oLbLiaI 

JsliJi JP p-L-^Ji JjI Aj Ja_> oL^a-hOj jl .iSjj oLjI <l)Vl V 

pb*Jl j->«J) ^^-jLLlI j_>jJI JU-5" p- Lj l ^ L 4 p jJL«Ji ^ c«aJA pxJL>.*>1 jlS 

AiJjja ^ ^Ij J-5j . L** £j\jj+aJ\ AjL>*j1 ^ ^JUl ^ Y ^(p\Y*Y * 

J ikSLJ! k*J&\ jji J ^ LjUi^fl oL-ljjJl cpJL^Jl ji JLpI JI o^JlI 4 >UI 

C-oi5" ^Jl ®Aj JjjJl Sjj^aJl® 1)1 4 J^Jtuj 4 ^Ll# C-Jlj . t jyJl Sjj-saII J^JtJ 

AjyP^AAJ 4 A*J jJjJl AJaL**<!jJ ^p-UJ J^JLj a J £il ^Jl ^ AjJLLU J| 

[<J j-saJ|] Sjj-saJI UajI La^ . AjJlU-1 aL^I jj A+~£jCj» \jUu£ fS\ <_£ J>-\ Ijj^Aj 


ill Ijj^a . JI apIaiM AjL^L**« 1)1 . Lb JL>- <— i j AjJlJLj- Jp j ^ la7 ^^lil 

p-^7 1)1 La-$b j laT. 4 .J 4 oljj .^>ll pJLp j^a ^ y>-\ tiJUJLSj 4j-a-A_ll 


(Nr.), 




j~ J * j ^ p 11 Ji jjjJl ^L-Jl JS’ ^^. 11 1)1 aJUII 6 -1a J la* ^ ) i 

jJLs^a Jj JL^ Jp Jjj^L£ J+S> LJj La^ . p_jJLdJl ^ILaJI JI A.y^J. Il_> (^JJl ^-ajJl 

AajI—P 4 <JLp 1 j < 4^1 l^b A-jlSCaJ jj ll £jj» l)j£j <Xtj . 4jJL-pl 

L« jvo p ^^3 ^3 4jL^p lLULa dJlS* aj! J| oljLi^/l ( jPj<j (J JLjj . LJJ a^JL 

^IwbL jLc; A-O^a ^ ji>-l ^jLlfl aJLjLo cl^L>ol L^Lil bJ pJLij Iajjj . 5 j-iL-a r ^>l JJ 
(iUi-^J (1) J j-i»Lil Ai^Lk^l Lj- pli (_£ J-^“l ^/L«tapl JjjJl J| Lg->i J tiUi^ 4 pJLbgil ^jjl 
L« ^ J-m^LM ^UaiJ^U I jiaj 4 jJpbil c^li^ J ^^p jiJl j^JaW aJI v— jl5j . ajj-pL«^ 
IJlJ L-jJ y^Vl Ji I Ji** >ULI yUS' ji jP iLULl JLf ^1 ^Jb V Uj . Ul J-pj 

. hj JI jLdl ^1 Jp 1 > ^JL3I p^li-l ^Jdl 

Lbjjl JbiJ . e- j »/7 ll (iLjL^^a J| ^»<La..l)| kiLjL^wa *)! LdJul .A, ^ «t» t pJL^Jl Jjjl 
Jjlkb ijy^a ll jXiJ j^p Ajj-laJ J| aj J jJJ (iJLjlibll {ja J\ 4 ^^Lw-Sn jLii'yt 

{jA a. A jLm^o^/Ij AjIpL-P (1)1 . ci jJ>fclll ^j-saII JI JjIp Jfi9 Lilli 

JP Ajj^xJl C->L *\ jjJl JSU A-^L-Sll SJLpUJI JSLlj IJLa A-LaP <1)1 'yi 4 yilulSLi! l$*l~A 

. JLaj La^J cJL At>“ Aj j jJ| 


Roshdi Rashed, in: Dictionary of : Jail c^jUll jjjJl JU5i aJLj^I oLj^aJI J_p- 
Scientific Biography , vol. 7, pp. 212-219, 

• “jO^ ^ c5*^l 

Schramm, «Zur Entwicklung der Physiologischen Optik der Arabischen : j t_JI ( ^ t* * ) 

Literatur,» pp. 299-316. 



_r\_ 


jjjl 11 j&Ldi jjJJi jUhiiM 

JL^b 

p— L p- o>Lj1jo jbLS*yij ^Lajla^LJ 5 jlbl j_JlSS/I olj-II (_£-L>-l jl 

iJlft ( j£3 . Aj jjjJlj 5-iLfiiJl 3jJli-! f jS> jiajJl yuu pJUJl li-A AjjI ^a .« .*1 oL^aJI 

Sjj ( jS> ^3 jlS 4 jIj c L« Li LuS'L*^* JJ oLj-splJI j*-Lp ^ ^ j-SJI 

j! jl5L»j <L^S/I {j* ( j^J . oLJJJ! j iijjJJl j t^o# LjUllI <. o j jiaJl ol ^Jblill 
LJb j~£ Jp JaiU- JL» Al^i t <uJjbj jJLJl IJlA jjJoj ^ ^PjJI Jp 4jI 

. _ r JLP ^L*Jl 0 jiJl AjI Jb ^I>-J oLaJbiJl j^uL jJl 

^jjl j ^ A^jl ^ -o^Vl flj-A jj-yj 

A a ^ <a Olj^Jsu J .* > . j JLS* ^LJl (1) jA Jl ^3 jJ-S’ jJ»«jLa^>- (^^l^l (1) jJaJl 

p-S O—JLlj La JLLP ( JLa Ju LoSJ j CO ^ IaI 1 oJlA Ajj - ^a J I A ^ kJl ^3 ^LoJlA^L) 

^3 SijSj A^un LaSlI j* J L a->jJ^JI l^>- J& JjLII ^ ol jJc Jl aLlJ> obis’ 

J Lob'S I JbjL^^a jli iJLjJ j . ajJl^ jl LgJLp 015 <jjJ\ jJajJl £-L>oJl j-^jL^ 

a «&'•£- JsaaJI Ula j . oL j«a : W |*-Ip jjJaj ^jjL <L*ljjJ a^Lx! Ij ja\ obis' ^ Leon'S I j 
. jJl jj jiJl ^LrtlJl «— > jjtll ^ ji^Lil |%-Ip JLo^I a— I jjJ 


ols^jl :Sl jl 

Jp j— Ldka 4 jJLp dJliJl J j JLp jLJl ^b ^aJI ^ ol?* yJl JJ lO yJl ^SL ^1 

(^V^ o) p-jJLiJl (Pline) jJL oLp j— j-a ^ j_>«b Lbl . j-tLil ^JLp JJLiJl jjoJl 
(Isodore de Seville) jj 3 jjilj c (^-^l ^JLJl ^ jiJl Jl y-) (Solin) 

. A-^Sj eJLxlll OjLN ^J l _ jwJ <*»al>- ( ^ jJLibl JL^ic* (♦) 

. r >~ jJljJl ^JJl J<4i]| |JL» jlj ^1! 



IfSli Aj j ./a,\ \ AjjJilll 4 S Jj-lp AJj-hAJ Ol jjfclt (JjS^ iJjt oLiSljL* 4 (^LJl j jA. 11) 

j^UaJI jj. ill Ala-Jy ijJ jJl jt> L> ^ . IJj>- yl-b ^ C- y b 

c Oy^aJl y* y* p-y^il jt-jj 4 jy<-ll jl JjjJl >* 4 jJ jJl y t)^j 4 jyll 
jy ^liJi <y yy oIjj c a * 1 U 11 y ajj jJl (1)15 y yjL-J jLj 

ISJj . jyJJ y I J-Jl ^jjJLiJl y* ^Uu L^i JL>«J L-S' . pU y- U-p 
^^aIJ ^jlll ^L^SlI ^JaiJj Alyill ^L^SlI jJaiJ Uuj J‘>UaJl J y- y- jll ^JL y* y 

. ( ' ) Uli Lslp jl5 ^LJI JJUdl at L*U d*lfc 

*Ly* oLlilla 4 4.4...U jiau Ay*j y Ai3 ^J5f oliilla Jp J ya>JU j 

LJU 4 4l^<jj C-»l jL>JLl lyJulJ ^JLdJj 4 Jfxi jUp| (Jl 4jj jJlj P-j) «/jll 

A-jy-ftN (JLa_p 1 (^jj Lljli . U oSfl ^j-4 (_£ j-^1 ^1 j-J y>*-> A—?* J-*-l l_J oLp jll ^j_P 
jl i(Genese au sens litter al) ^ ^A-l ^yiL j^jiCill yL* y Jliil J--— <Jpj c ap yi* 
A^> jJUH 2 «XjLk_!1 9- j >A il Ltjjy ^^y-yL^u (^£V* — Y*0fc) jy**jh c-d a «<J y ja.. -> pI 
. A3 yll c-^L^l51 j jJL Jj o!Apj 4 ^lbJl j-Li*- j. . .. dj 4 AjJL>JlI <LJ jJtf^LsS/1 

. (_5 j-sAjJl iilj^Vl aJLa-Pj ^ ^ll P’^aJl A- i c*Jg 4 AjC.S.a AAjjJdU J 4 jl^T^ LsAjI 

i -^>* Cx“ i— 4-v<ajJl jJbj £_jI ^J l j yjl JLL» I ji yL« jl5 j-^1 ljJLsd_a jJLlLjb jl 1^5 
ajIi 5 j Jjj . ^JLp (jliJl j yJl Jy Ia^c^ jl5 a j 

(Jl jA ^jA li^UajI 4^15 j^l cJl-Aljl A aA5^ p ll AamJ^ L^*a«L«JL4 Ls^^P I -La 

. jVlJl ill yVl djJbi 4C-J1 jil jyj 

(^ y . CjLj-saJI pjp obljJ ^yJtAJl i 1 l-L^J SJUJLp (J| ojLiNl 

oLyl -Jl ^2»y ^1 Si 4 Ajj-vAi ^-^»l jl LJL5 AsAL^oiS- aJU^ AjI JL >* jj N 4J1 Vjl 


Pline l’Ancien, Histoire naturelle , etabli et traduit par J. Beaujeu : ^1 t J^Uijl l ya£ Uj ( \ ) 
(Paris: Les Belles lettres, 1950), vol. 2, p. 8, 

O _^jj 1 • 1 Jy y» y*j ^yu) 0 0 _ 0 Y y5 4 1 ^ ^4 4 A— D jJUail \ jjajl 4 d^*Jl Jj->- 4-JLsLl 

. (VV .VT y 4 (R. Pepin) jL^ . jj (A. Emout) 
David C. : ^lail 4 a*j j~* a3j^ *Ia!V . <—-» yJl y <_£ ^,^.*11 ^^aJI oLIju J j>- L y y y V 

Lindberg, Theories of Vision from al-Kindi to Kepler (Chicago, HI.: University of Chicago Press, 
1976), pp. 87-90. 

Augustin d’Hippone, La Genese au sens litter al, edite et traduit par P. Agaesse et : jJk Jl (T) 

A. Solignac, 2 vols. (Paris: Desclee de Brouwer, 1970), et Platon, «Timaeus a Calcidio translatus 
commentarioque instructus,» edited by J. H. Waszint and P. J. Jensen, in: Raymund Klibanksy, 
ed., Plato Latinus (Leiden: E. J. Brill, 1962), vol. 4. 



Jlj $ i j . a > /a>w~ * v-ol JJ A>-U*jj AjlJb pjli jj-*dJ O-i jJl ciUS 

^1 dUJJ <s^JLij 4 (j£ ji»-S/l ^ *J>I jil Ja ^JLaj lia^j jA oUJl oU jJUil Ja U^>- JJL*j 
j^a Jl o jjt^Ulj oU1 jjlll j pLjjjUI cJuAja ^ ^>\ jIa ^IaJLaI ^ y* 

* \*y*^ 

0 LJL 3 U! ciiliS" 4 oLj ./7.\\ <J j->- jjJLj cJl5 ^1 ollibil 0^3 t 4-Jb a^>-Ij 

<>- j jJail JjL«1U . Uj Joj AjI Ulla* I 4 J |I 4 £*>-l jil fl J-A ^3 COjj ^jlJl 

I CjL-^LjJ i-JJca br jiSl ^ j-sA-Jl illj^^/1 A.ftJa J * yjal\ <* Ja» flj y/l£- dJlS” 

g-j ./3 H -bljill JJ U-JJ . U . »..«■ > 4 (_£^U j-fc jjjfcS’ gj-^aJl J^P j j . /a~l l <l)t£ lllljJ . j jla . l lj 
jJZz£ 4 (JL^j! aJU^p aj>«*1j ajJjJI ^UJl ^Iaip)I1 <1)15^ I UjIjj • jUJlj 

ob^aJU I J&a j . (^Ull Api] J Uj l~jj) ^ >1 p-JLl Jl uyJl ja SiJ jJl jb 

. aJjS/i jii *ju ^ jjul jj ij^b nj <w^a jj ^ 

a ^-JUL i . LjJl>- Si j-i jJLp viJlill j jJLp jUI jiJl ^ oU* ^ill cJji>4 jlSJ 
^JLjJ L^JLol5o oM 1JL» » j-!i jj jJ-ll ^ ^ j^Jl J_£ JjVl 

AJbjj oVULa SjLp J^k y>-Sl 4^^ J-s^l JJ Lf^* 

. ^ ^c-» jjJl Mla.oki jj aJI cJ£> 

aJLL* ^ obj^A-Jl ^JLp ^r-^l j ydl JjSlI 4 JUU calls' 

^ ^ybySlI ijjalk—i A-jlJ*>Ul Jl L jj A3J 4 (J^aJI LfA-^lj J Jj ju> 

a JlA aJuJj . (^jx jlJUL L»Jj IJla ^ la .la.. .2 1 Ul Jlmj U«3 C; » J j) jJLp (^^l^-l 0 jill 
^5 (J^ 4j j]oj £j\jJ jJ ^3 iiLdll 

vljjLJ JJUL Ujit Jp ^ >1 oMLL, ilLjA iJUil oJu JJ oUVLj . oj^JI 

jj JxJ A««iall ApU^aJl ^3 ! JiLa 4 lj-s^l ijJJiS' J L>- jJ jj 

4 ( JUI j jiJl ^ ^SUajSl! jbla.xj fj jp - 1 0 jA Ji U^ 4 <jUaJa--J 4 Jh> Jl ^ JJl) ^LjJI 

jJ j^jwJI (m*IiS‘j 4 (^jl ^ 4 Jl^j d)j^UJI c^US'j 

S ^tAJl 4 ^-jlSJI oJua (Gerard de Cremone) 0 j^jjS j* jl ^ j>- y jJj) j j^lj— 

. (j-*ifcP jUl (J^aII tJ^I ^^3 

L - 1 U kl3j 4 k— >bj-s^Jl |Jp ^j3 C^^IUll j4 aLw*U jm*P (jUl 0 IjaJI JLaJ 

1 ^. L^u j^i o^uii ^ . J 4 (J yOSr- JJLLj ^J-J J 4 ^3 

Jij 4 ( ( j^ j->.o-Lla 1 JJ Ajj^jJlI jJabil j 4 ^j^JlJjJ JJ jllij^jH 1^ jJaliil) A-jUjj 

..rt , >1.1,11 i—>JsV 1 ol j‘1.4 ^ JL:^1 Jp AjjJL>iil 4 4 jj-saJ| oVUll 4> jl J J ^j>- (V) 

Lindberg, Ibid., pp. 209-213. : Jal I 1 ^1L 



J&\La C*J Jij . jJLs> jjLtJl j jjflJl c & * a* '~a ^l jp- 1 4 l > O y>- 

j-bL-« ji <i£->- <> 1 4-JU jJI t j_p 5J_>-! jj iLjjjJl ^j_p t $ \a jLujI j;Vl c J-e oL?> > 
C^»^< a jl aL-15 ^-P «LjjP 4>«— »J ^4 li^UaJl > JL3 y» JLLj 

• 4 4JL-wj jX jI 4 Oy+-±j£ J* CjL^» jJ ip (^jVl oLs^ jJlJl a JLA ^1 L*_t 

y\£~*Si\ ^\sSj 4 (Tideus) ^^jl J >bll j ^ J-*JLllj c^jcXLJ >*UI 

4iU.x5j t j^LsA 4 U^UajI 4-jj_*JL ^3 ^JJIj (^jlJjI UIp k— > 

L»I . bj^jj£ j* j\ j^>- *jh- y Ljj ^JJl r JL^Jl De speculis comburentibus u-ilj-4 

jJj ; r JL 4 Jl >>Ul iL> 5 ^1 ^tsll <J jlT ^JUl cJJjll 

* <0) wr lp ilJWl (1) jill SjlJb j j\ jl* jllJl j >11 >-| jt > J J4& pP- Ja 

j-*j oL^aJI |%Jp > JjL - a ^Ibu JL^Sfl {j* vlJlj i-d « ./? ilL* cl j 
eJL* >Jjj . ^L^jSfl |JU>j iilj^l LaUo JjLijj ti^-JaJl ii-JLi > oUJjp 

ii>LJl jLrtfl 4^1 4^^! ^LJI l*J jlS' ^1 0 UJ 3 II dSs JL^p\l 

JiLa il >ill ol*» jA I > U15 j>-Vlj J jVl t-aJ>l) ( j— JU» jiaurfjSf 

{j* (jliJl > j*- > ■ >) L--» ^iill 4«il>j c( j-JLp dJUl jl >Lp (jliJl j j-aJI 

4 JL 2 I jjj- j la .«jS/ Juaj ^j^l j 4 ( j-JL-p jLtJl d) j-iJl 

j >J| AjlJb > LLa>- JLi jJl jl jJLj) LajI ^pJLU >2-^ jS/ Parva naturalia 

. (1) (>LP4tJliJl 

IjAU ciUl^la Cj\jyA . Jl |JL*J iiLxlil flJlA JIapSII 4>*jV jl J-4 ^>1 J-P J 

dJUi j 4 ^ >Jl > > >11 ^j-auJI UajI 4-p >J l >j L^£Jl > ^ ^ j4^ 

Wilfred R. Theisen, « Liber de visu: The Greco- : j-UJi 1 Optica ^jJLi) jJ*La oLf* y. J (0 
Latin Translation of Euclid’s Optics,^ Mediaeval Studies, vol. 41 (1979) pp. 44-105. 
lLJL>- U jJJ JJ d\S Catoptrique oL^IXkJVI ,^-jUJI l^IiSCJ jJl <l)j>Jl > ^ 

Kenichi Takahashi, Medieval Latin Traditions of Euclid’s «Catoptrica»: : >Jl . ( _^La15'Ij {J ^pS 
Toward a Critical Edition of De speculis (Fukuoka, Japan: Kyushu University, College of General 
Education, 1986). 

>»L1I ^jlLSjlII ill— (^/l y* {j* lLJ->- (Wilbur R. Knorr) jyS yAuj J*l—J 

Wilbur R. Knorr, «Archimedes and the Pseudo-Euclidean Catoptrics: Early : ^JaJl i yj : *. Jl Ja, ,,< 
Stages in the Ancient Geometric Theory of Mirrors, » Archives intemationales d’histoire des 
sciences, vol. 35 (1985), pp. 96-104. 

(jj^s 1 Wi V cjdjii ijjt 4 i ‘wi i^ i«^> 

. y Units' j De aspectibus j >HI 

(O 

. Y \r - T NT ^0 i^JujXA\ (n) 


Lindberg, Ibid., pp. 209-211. 



jj jj^\ JjIjI ^y 1 a .>« . ...II COILS' jJ j . <LJljjJl cJjLxil oL~jlS 1 IS VJaJl 

Lwljl JLaA oI/“ jill JLuj L 4 I $ JLiJl OjVl LLdj Jp JaLdJL| J>-1 ^Jp4 ^jL^J 

. cJ jL*ll y AP jO* J <*—Jj SJbJL>- 4P j^j£ oIaOmJ Jp JL$JU 


oL-^Uj I lju 

OuLS La j *. p j rtsl ^L*_iaV1 j-^ yJi AjJL^I iS j ^ Jl •— ■oSfl o<l * *«< t)| 

^l^Vl <u— Jl jlS’LJL ^ <LM oJLa d)I y |*p jJl Jpj • Aj-^L^JI aiL>- 

Jp LaJLdil JjL* jJl J^>{ CJ . \j>*+J >\ J I yt viJDS Outs' 4 -ws^LjJ| 4»*vaH j^3 C Ju jJ»| 
JJU U 4 J f. oVVa^Vl y ^rVl *yJJ yO^Jl JSLU1 Jl ^UVL liUi JSLi 
y De aspectibus j\ De visu <1)1 jJL*u) yJLiil jJMjlaj . LyaJl o yJl <y£ y JjL* 
y 4 JI 4 II J^JLS <, oLJL^ ap \y^r jr* tSVJajlj ! Jl>*il < y La ^j1 oS" y (aoJ^AJI ly L?^ y 
c ^JJaJoJl jJLi Jp j . JlSLil ajlSja a^j JJLa jyijj J_p L*l jiil j^—u^j A^jLou 

Jap- ^y) c-jl ^il jf\P < y > SyLuaJl JLl^Jl odVl JJp«Ij jJaUll P ydJjJ * 3 ^ 

IJLa 4jdS/1 ij y^ . Jaj y£> Lfl yllj ( jt Vl Ja 4 |»JaI*^4 

/ V> 4j)^U 4-s^Ijj AjjJall aJLpIS 

ylSL*jVl I JL# c ^ y-1 oLaJy ^y 4 jj jJij 4 j-saJJ 4^JL1^JI AjjLflii C.«. « >i*» jJ Jli j 

De ^3 A^UvJ IaJL>*j LaS . (jJuSM ji^Lillj >Lllj 4^JLJLil Jl i^JLI 

jJl J-p j . jlabll oliS 7 4llj^ dJUJtS' j pJL-jJl jjV speculis comburentibus 

p’LJOfcjtj L«uj — . j 0 »Ia ^JjLm< i^JI aJLa AjI jLipI Lil 

^.la s^u Vj . L^jl* JS' ^y L-^_4 \y~>- J^rJLj oL^LjJI jl Vi — Ul jll ^ L^l» jOul 
V-J^!l JtSLiVl jli Lilli JJ AiUaVLj ^^^sptjjJl JVoi—VI ^yaio jt ^jli 

. L^JLp 4.>ila«j 5 jlaj *UJ1 i j>**j L^oj (jP Lfoi 

Ju (ouJ aJLaJLoj SJbJL>- oVUll oJLa ^y Saja-jK A^JLLfJl AjjLSII ^J>3 j 
4 L1 JU ^1 LJjjhV jlS'T ypl (_^1 JLa |+Jj . oUcjoVI a!^>j Ls^jI oJlS" 

jl • aj j^lJI jj^l jJaJl JJU ^y oLjL jJl JL*-*joI ^ 4 y LS j JjLp (jl jl 
oLspLjJJ J^JlI ^L-JL jLo Lo a^jl^ ollai,^ j jj,f Li I jjlS y JJl diol jl 

|1 JL>* (^1 Jpj — oLj>^a Jl |JjJ a>. 4.)« ll AjjLaIL yJaJl ^IpUioIj ^1 Aa^JoJI Jp 


Albert Lejeune, Euclide et Ptolemee: Deux stades de Voptique : jJaJl t^jLiJJ y»L« J ^ (V) 
geometrique grecque, universite de Louvain, recueil de travaux d’histoire et de philologie; 3. ser., 
31-fasc. (Louvain: Bibliotheque de l’universite, bureaux du «Recueil», 1948). 



OL. J H OoLS" JJL) . 4 -L^aJlI SJL»j>- jJ| ^Jh 4_> jLflil oJlA d)l (J I jj j^j 
. <Ji3j j\ ^JL^I ^ I aT .«. t V cLsOxj |jj>- I Ll4j I jL>Jj LL»L*o J^> <Lj j-Jl 

(Robert o^-jLm*j ^p j^jj jiL*Jl <1)15 * j-*Jl ^ ajjLaIL yh ^Lp J j\ ol 

ol JJljl ^ jSlI J-p <w^_5 ti-LlI 0 Y of _ ^ MA J1 j_^-) Grosseteste) 
Jj j S j^aj, i. ^Jti^Jl j ^JuUI I jj jJ (^JLil t jlL*Jl lJUh *L>- jlSJ . ^ \ YY* ♦ 

^JLp ^jl 4 De iride aJA^a LS i^ . JJl>*jJ ^^jula .>Up1 j jjJaiJU 

t L>- j-la-^j L*JL<» Up jJai»- ^j^k-yalj Jl£*i! j5L> ^11 ^JlaJl 4j|» ! JLJl J5LtJl ( J .P 4 j j ^Jl 

j^-T £j-> <_$l dr^ ^ (j-^ ^ t v r p 1 j_a oLS't f-l 

4jLLi>JlI (JjJaJJ Liaij L«jj ^L-^l jjiajdl ^m.<L ^ 

De lineis, angulis, et figuris «uLlj^ ^ j . j p-JLi-il : * j,.,^ 11 jLijJV 

4»««lflU a--wj -U^J l olwslJI OxJUal ULj j^* (Jl^-J*tS/lj LljjJlj JpjJaiM) 

(lO/l - JjJij ’LpLitJrfVl yj* lH-^-^V j * j^aJJ ^>H,K $ ll A n «.»/2 ll <J^L>- 

Aj^ 4 JtSLil J Lljjj -k j -U>- Aia-^»! A**, -Ia.il j^l jJaJl JJ.P 0^ 

AjjJLs iwflpl «/aj I j,/a >P d)| ! JUI ^j-Jb 1 JLfej . ji*-l J5CJL» La jy~j& Jl 

a -L a ^_p Juj . olll ^p jl j-jLl ^J-P a j-*jL> ^j^jLa p-I j^j c ^J^-5-zil ^l <JlS y* Li^Lia_>l 

IJla Juw - yj i L^uD <L<. ~ll ^j5L 1 ^ 4 ^ j tajj-^? LL^lj «Species» SjJuiJl 

^jl» ajl y L»5 c 1 A+jiyj ^3 jl ta^lil ajJ_iil l l 

. ^3jL» A^m\^~ ^3 

UJLLa (U^Y Jlj>- - N Y Y * Jl j?-) (Roger Bacon) d jiw y> - jj jLS' 

David C. Lindberg, «Roger Bacon : jl aJl ^ JLl* j> (Albert le Grand) _ /c -_Cll j-^Jl (A) 
and the Origins of Perspective! in the West,» in: Edward Grant and John E. Murdoch, eds.. 
Mathematics and Its Applications to Science and Natural Philosophy in the Middle Ages 
(Cambridge, Mass.: Cambridge University Press, 1987), pp. 249-268. 

James McEvoy, «The Chronology of Robert Grosseteste’s Writings on Nature : j . Ja j\ (^) 
and Natural Philosophy ,» Speculum, vol. 58, no. 3 (July 1983), pp. 631-635. 

Bruce S. Eastwood, «Grosseteste’s Quantitative Law : Ja}\ t j y yjj oLj-joj 6 y-j 

of Refraction: A Chapter in the History of Non-Experimental Science, » Journal of the History of 
Ideas, vol. 28 (1967), pp. 403-414, reprinted in: Bruce S. Eastwood, Astronomy and Optics from 
Pliny to Descartes (London: Variorum Reprints, 1989), and Lindberg, Theories of Vision from al- 
Kindi to Kepler, pp. 94-102. 

Edward Grant, ed., A Source Book in Medieval Science , Source Books in the : j ia-Jl 0 0 

History of the Sciences (Cambridge, Mass.: Harvard University Press, 1974), p. 389. 

. TAo ^ & 1 4— Jl> jJUall ( ^ 0 



j . + 1 la j jJ^LLo LsAjI c-ijjo jlS" AiSU 4 j jp t-jj .,^7 j cJl£ ^lil j^Uail 

( y Ur J£JL) <u-s^Ij jJl <LjLail * j&j l.* 4 «* c^ 2 la^ ^JlL)I ^JL^Jl ^j_>N ji?Ldl 

iS j-W* £* j <• j£-io p-~4-^ ^1 c-tLSCJ j c ^L^Jl d^ JJi! . ^ ^>-Sll £rl ^11 

. oLj-^aJl ^Jp Oj^^j oLli^ Jpj 4 t ^pLjJl (_$ j^JLI Jp 

u-i' dr* UJi^l ^1 £U-i)H . 1 4 . 4 1 ^LaJ^ L*p jp Oj£*i ^JaP 1 JLa3 

j 4 j-x^'.ilj 4 4 p.. = <a:,.J>l I * jLtJj^ J ■>-!■>■ JLii . 

t (i-Jjt f- <Aj>- -UliJ l jj> jl4’.. (_^Jl 1I ^yJl l-i-p JL^a-ijj) 

Sl-LT U y- l >~ r ‘ . OT) U-l J»L-jSll Lr Z* i ,jjJl i^SlI jl ^yllli L^JIj 

Jo 4 ( j^l^JuVlj Jg j JL*Jl Lljj Jp la. 5-3 1^3 JlSJj y jlj-flJ 

^JuL ^ ^ > sT J.I ^la .«J A^-jJL < j^5\-wJ>il ^L rJ L)Ij JajL-Jl ^LaJLJI (_5 LsAji! 

4 iw»JLjh oljLou) ^IaJLII jL-u« I^JlP' 4jL-^»^U a^jul^JI ^^L-oJLI LJL i * L^> jp 

aJL*-Ijl 31 ^jJa_«JL)j frlJL^Jl j o jla^JI cJL^htl <wdJli5^ ^3 (<u^jlp j^p 

4 A-o j»«Jl j iul: ^-Jl j^Lyail L«Jl.> L«-JL 4 4 . Auj j£s Jlj 1 4 *«■* Ao 4 aJUJLJI 

jlp jll j ^ j\ { j~£jc*a £L*-JM a L .oIjo ^pj.1 * j^-p £*p 

^la ,4 JJ ^..^1 ^ jJull (ji Jaji-I ^1 jj L« JJ taJLf) JaiL-Jl 

J SLLj fL^l) s jJil oVLM ^iuo Jp tpLll 6 Jla jJoj U5 . jL^Vl jt 

. <n> Ui! «^^1! oljjJLJUj ° d) «A3^1l LI 

joi La pjbl jli jjiCo L^p ji^l ^1 ajj^aJI ti-^LlI viJlS' U-p j 

Roger Bacon; Roger Bacon’s Philosophy of Nature: A Critical Edition with : j la >1 ( \ Y ) 

English Translation, Introduction and Notes, of ‘De multiplicatione specierum’ and ‘De speculis 
comburentibus’ , edited and translated by David C. Lindberg (Oxford: Clarendon Press, 1983), 
vol. 2, 2, pp. 97-105, and The ‘ Opus Majus’, edited by John Henry Bridges, 3 vols. (London: 
Williams Norgate, 1900), vol. 1, pp. 111-117. 

J _p- . i£j*a3\ ^...,a<Jl bLc ^1 «pneuma» j> <J j fZLi j£JL la..i:ll jJI 

David C. Lindberg, «Laying the Foundations of Geometrical : Ua-*! jjLil 4 * j .i»Jl jLl:.jl j 
Optics: Maurolico, Kepler, and the Medieval Tradition,)) in: David C. Lindberg and Geoffrey 
Cantor, eds., The Discourse of Light from the Middle Ages to the Enlightenment (Los Angeles: 
William Andrews Clark Memorial Library, 1985), pp. 11-31. 

Bacon, Roger Bacon’s Philosophy of Nature: A Critical Edition with English \ j L )1 Or) 

Translation, Introduction and Notes, of ‘De multiplicatione specierum ’ and ‘De speculis 
comburentibus especially: De multiplicatione specierum, vol. 2,6, pp. 137-147. 

^no*o^ t r t Y£- 4 ^ j-uaii 0 0 
JoJl . U»« ^ j—xJl ^.*> 4.11 y Ujlu JjVl ^<cJl J- 4 — » (j*\ J^jc^kI i <5^>«il ji (\o) 

. ^dl) . #S yljJL A3 a _^l* 4 illia j < 4 iJjlil 1* 4 aJLL 

Bacon, Ibid, vol. 2, 4, pp. 117-119 and vol. 2, 7, pp. 147-155. (U) 



J_A3 * ^IJLLal (_^S p— *»■ J-4 cU*_jll J^-sOj A-Aj^J? Jjh fijjL^a 

Lr 4 -* toUl^Vl JS* Jil^4 £*Lj t-j^ai\ jf ^»- L fll ^Ij l £X£i\ ^ Ls^Uail 

L^jL^I A-^_-«mL*JL4 j-j^P aJ-a_*J jj^azS I l-Lfcj . Jd *y>r jf) 

JjVl o^-aJJ (^Jj^Ji apLs^ J-iii 1 4_w jJL) 1 AalJ^Jl jj..^ w 11 ^3 y^r L)l-^ t 
j^liil |»-LaJ 'y I ^lil _L>-t JJ L »_> jj^i\ 1-La <ji -i-i j . LL?-^/ pJL^Jl aJL-U 
. l*-« 01 ajJJI oLjlL ^Jj oLJSj l*— *»(>- <^.^1 a)I SI 4^^-ix^Jl 

AiOlS^ 1 I -La oLiJj_aj t Orf^ a-^LJI aSjJI ot Oj^j ^lai — u ^1 
L® Jp 0j >T y~»\ Jli J . ^U- c-l^Jbj A j^-5 A>LaL Ji aJLaj La ( j£S . Oj^L^a J-sdil 

(Tel j-Loj Jj ^ g.* a Jj . OjLu-j A-^Ja C->L j «/3.«J I ^JLJ AjjLLa Ij-UIpU 4 aJIX* jJLj 
j-a j ( Perspectiva) jj&1\ a)1 js> |JL>- jOO> c-jbS' j (^YA\ JL*j o) Witelo) 

L-J j^Jlj A->L ^Jl (jLopS/ 1 ~*S' yx±£- fl^liCLotl LfcJ (Jjl^ <-LwJ>- 4 jiSllil jJlJ A S' yu*y* J^P AjllS” 

j*LiL 0_^“ LaJ ^SjJj * (^jajJl ji Jl IkS*- c^lS^jL (^Jj) oL^mslJI j*-Ip 

Ji j 4 0 jiLJ j-^bua j £iL y 4^1 j jjbj(j*\Y^Y o) (John Pecham) 

pJL*J Lw-L-*S/ 1 iUJl 4 Of-LLSsjJ 4 A-J ^^aiL Perspectiva communis 0IjJL*j L-jci lj>* j-a 

aJL*SM A^jjjJlj aOL jJI ^3 aL^Ijj clJJjlSf J 4 j^IsaII ftJ-A 4J^L^- . ^JSllil 

^%-Ip 0j-jLL*j I ^LaJLOl |»_Lxj ( a^^LJI L^Lj^ jJ ^3 LajLJLijI cOL^Ij ^xJl) 

. A^J>[jj AAjjJaj >Lil 

pj^JI UJ. :UM 

Ju 4 aJIjl^-Ij SjJLL Jai.3 jlii cJLS' 1 — » jjOl Jl ^Ln-JdVl a-^Jlip c0->-^ L®-Hp 
JJ ii t L--0 jl >- y j^Jgj cJlS' jLii 4 dJLIS Jl AiLp^/L /^^Uajl c yLJLill ^Li-L 

SI ^ J jl=>sJLJ S ^JLa aIL— a ^pL*-Jj^/I ^AjrL-l aj*-jJ> C-JIS” 4 JjLfiiL . aJL>-IjJI oIpIjJL ^IiJI 


David C. Lindberg, «Lines of Influence in Thirteenth - Century Optics: Bacon, : _JaJl ( N V) 
Witelo, and Pecham, » Speculum, vol. 46, no. 4 (1971), pp. , 66-83, reprinted in: David C. 
Lindberg, Studies in the History of Medieval Optics (London: Variorum Reprints, 1983). 

Sabetai Unguru and A. : LjJLSCiVl a> ^ilL Adi Jl iLjJ-l oLuJJl JaJl Jbj Jj Jy>- (\ A) 

Mark Smith, Perspectiva, Studia Copemicana; XV and XXIII (Wroclaw: Ossolineum, 1977; 
1983), vols. 1 and 5. 

David C. Lindberg, «Witelo,» in: Dictionary of Scientific : ^..la Jl i Jl J j— >■ a-^>^LjL 
Biography, 18 vols. (New York: Scribner, 1970-1990), vol. 14, pp. 457-462. 

David C. Lindberg, John Pecham and the Science of Optics (Madison, : ^ .laJl J j_?- 

Wis.: University of Wisconsin Press, 1970). 

pL.^-II ^ L \S iij? ^ J *\ jJiAJ p-x^JI U.-»)l JL obJl IJt- J jilt Juj V ( \ <0 

pljJiJI iSil \y* pUj.^aJLl iujULdlJl JLpI ^ iJl ijl ^1 jlalJI C.. a )1 t fl ... 1 all 



W Jl~ .A l la a/l 4 I aj JL>- oljd>- ^.JLlalJ t (_£ j_>-i ^JjL*^a j-JLj cdld 

-Ui 


4^**jJL t- yja . Jl (1)1^3 . AS jJJLaj aJbJLP * j^aJi ^ <LJl» jJ| oL jiajJl O 

oljJLi! i jjn y-sj f-L JLp JLiijlj t jJaii 4 jJ jJl c*jl5j . LoL« LSI jd i Jl 

£-J J C«*lj3 (jj Ij-^J 4*J olw?UL| 4 aa Hwd ^ll (jj ^ ^y> 

(1)| (1)1^3 C aJL^U 0 yji] 4-wd^l ^iS"! A j*jIj (l)l£l l jla-xjl JLtfljca Lai . C_*3l jil 

^ I4 L 1_JLj 1 4*3La*!LJ| (J 4JU-I aJL& 4 la <al y* ^ t c_aI 4 JL.1 1 L - ^ ^JJ 4J L>- yS ty*SA Jl 

y . 0 y\j* A]a^j>t\yj AlaJLill diLLiJi ^3 liL>*-a LujIj Vs> yj 1 jf*-> (1) jJ-ll j*Iaj (jLSj 

•Xbj . v^JLIJJ Aj>t-JL> (^JJl c — *3 i ^ll (jj t Ja-^^Jl yA 1 IJla JJLi 

frlJL^I Jl>sJ 4j^Ja j (jyd {j* 4JLa*JJ AjJ jJl jLj Aj jJt2-J tLjj-ftlia i L)y±jys\jLjl)\ jyb 

(jl Aj^Aj (1) jJa^LsI jyb Lad . La - -^ jJl J ./I * llj 4^J JL^Jl l*J <L^I j^L« 

l$J J^J 1 4 jJ j-U 4 ^-^Lj jj! L^LjJaj ^ o.l L a > j L$l*-*id ^^iJl ai-A ^ j . /a ; l l 

. (X (Pneuma) jJl» Aj^iaJ J[ ^ ^yJU- 


4*> y' t "‘* > y^ ^ y^\ jy& JjH l AjLo^JI 4*3 L«j I Ju3jla iy^i, ^ 

yb (^yLS* (jl ^ ^ t 4^J JjjJl jy*A * Jl 4*3 1 ^-»il Lflj^*3ll*^ cC^^V* d->) 4j.A>tII 

^3 L^ ^ - L» ll ^|L*J| . A- j-s^aJl ^ ^ - 2‘ * (_jl j-*il -du^ 4 la *m\ yt ®JL>*l^Jl® A jj^J 

IJLaj . 4Ja*^ ^ a~*Jl> Ij y*p latf.Mjij £ ja JS” |KJl 

J_ilxj Lad) a£ jS>tl!a ij^djL) V j-^-3 t (j'^LU'V I (^^La ^ -d l l Pj_dJl 

JlJsJL_*_j l ^ S') Ja*uJ ^_Jl ^_3 4 _^*Lj A^S> yj C^l j -*-A—> ^_3 ciJUJid ^J J L^ I. J N J-&J (Oy-ij AJl 
( Js\Jllj (1)1 Ojb Ja.>« jJl (j ^3 IjT I yt «.l . j (^JiLa j+S *j >/3.,> ^JLxIj ^aVli ^ (^j-dUa y]a*uJj\ 

(1)| d^?-cj (, ^*la P j-dJlj 1 4jca 

(^JL) tiilil ^1 li* 


d^Mdl yj> a j-ff-Zf 4j3LaJLwjI cl**->- ^^xJl ^IIaJ! (j| JLAaII (JL>j^/I IJLa JuAj jlLI 

LajJ-^Ll^ t (^AVV o) <— jj-*Jl 4-dj^LaJl JL>4 t ^JUdJl ^JwJ JlSj . frLd^l 


J flip 3 jU ( la.... * JdJLjj . 4 a1i>JlI 4*j9jJ**UJJ oU jaII c_i*5w j #■ j*a)I 4w ; .i» J y>~ 

:^iajl . d— Ai jLdlVlj y~>\y c*^- j j j-J ^j <(_$aL^JU j j ., <ail l Sleoj 

David C. Lindberg, ((Continuity and Discontinuity in the History of Optics: Kepler and the 
Medieval Tradition, » History and Technology, vol. 4 (1987), pp. 430-436. 

Lindberg, Theories of Vision from al-Kindl to Kepler , chap. 1. : (Y * ) 

David C. Lindberg, ((The Genesis of Kepler’s Theory of Light: Light : j 

Metaphysics from Plotinus to Kepler, » Osiris , vol. 2, no. 2 (1986), pp. 9-12. 


Ji_ 


_;i (y\) 



(J-p ^ jLS' 2iL« tjlUJl tS^ t)t (*^3 M ‘US^® (jlj-1 i^/l 

c5^ 2jiL^> i«-il ^lLJl jlSL. (_jl jj . . . ^jj>«_Jl JLl. 

cW >yrj 

o\^ j *<0 j j-Aj^- I <-*. ^ Jg ^JL^u <jja _j-Lil (_£JULi\Jl <1)1 Vi 

. ^ ^cJLLt Jo** ij *^yail p»~J-l 4 jJI£ jjb *j-Jl1I 

^ILmJI LJljI jL^aJI ^ ^J-Vl • j-~XJl *JL> jJl ^jlJL+JU <1)L£ 
j-^j ^ <> J| (jijjJi *-*?y p-*i-^ c£*iJl (^AVV Jl j^- o) { y>t^*\ 

Jl *\ >JI J j£j <jyJl £JJ J i-fr!" j^t <_5*Jl 4 *2 ** jl *JI j jJl <u JaJl 

^J! f L^.Vl iM > j^Li 4 (_£ J ./3 « ll L> ./i n 1 1 aU : »! Jl ^1 4 j .J P 

^j-yaJl <jl jp-JLpIj ^jp-JUa jJa-^j I ( f \«rv. w*) l- ^i ju^pIj . m V~-^d 

Ljj 4 Jmoj L^UU ^jjl <1)1 N I . Aji^jA.\ ^L^S/I 4.L.J jj lJL>s^a cJLflJL.il Ja.^ jJJ jjfc 

^Lj-s^il ^L«-*k>-Vl ^3 j-A 1*^ ya.il c <L>jl>«1I a^jJp^jVI 4-^j-xil ^ja s jL*jl^L> 

UaJ cJ^ajj t(<uLL£J jJl «Lumen» j «Lux» Jii j) la. jJl ^ 

cLjcJj • • • ^L~J>-Vl J ^>- j-fiaj (^Jtll jAjcJVI jl ^Ji ^A j 4lJU yj> jA J3*J 

. ^ ^L«a-Sn eJiA 

jjp- j| ajj-^lJi ^1 (jjJi i(^ \ * r ^ ^i JjL^ |i 

4jl ^ y* 4 JLft.pl Jsu ciJJ^ ^4 . ^>r ^.«4 ^l J^JLj ^ 11 4jcmJU 4-^<Ij^ 4 

^ jA g-^./a.l I <1)1 ij ^ . JLP I 4 4j1^ c*i *«** >■ 4 JiJl ^ ^ w ^ « ia.i 1 ^Lfllpl JLftJLpi 

^yj ^ Jl ^.»ft.lil IJl^Aj . fif’Lyall ^Lw^-bLl { J*0 jfr J^Jjj LfXlJb 

cJLLL Jt 2 *aj ^ * j .J )i Uuj ^i-^ . jLo-yJli jl j-*^i p j * ^ Jlj cJ p j * ^ i 


Marie Therese d’Alverny et F. Hudry, «A1-Kindl, De r adits,)) Archives d’histoire : Jail (Y Y) 
doctrinale et litter air e du moyen age, vol. 41 (1974), pp. 224 et 228. 

Lindberg, Ibid., pp. 12-14. (Y X) 

Bruce S. Eastwood, «The Elements of Vision: The Micro-Cosmology of Galenic (Yi) 
Visual Theory according to Hunayn Ibn Ishaq,» Transactions of the American Philosophical 
Society, vol. 72, no. 5 (1982), pp. 1-59, reprinted in: Eastwood, Astronomy and Optics from Pliny 
to Descartes, and Lindberg, Theories of Vision from al-Kindl to Kepler, pp. 37-41. 

Avicenna, Liber de anima : LoJ jiajl . £»-l Jl iwU ^ jiUa^. y* *jj L : Jail (Yo) 

seu sextus de naturalibus, I, II, III, edited by S. Van Riet (Louvain: E. Peeters; Leiden: E. J. Brill, 
1972), pp. 170-172. 

A. I. Sabra, «Ibn al-Haytham,» in: Dictionary of Scientific Biography, vol. 6, : j — la II (Y Y) 

pp. 190-192, and Roshdi Rashed, «Optique geometrique et doctrine optique chez Ibn al- 
Haytham,» Archive for History of Exact Sciences, vol. 6, no. 4 (1969-1970), p. 273. 



Lj-wu yl £*) ^-pXj . aJI J*** ^11 Jl 6»Udll jt AJLsdil ^L*>-S/l y V ye* fijLipL 

<JL£— ti h ajj jJl ^-s^l j-4 ( j_* t j jJJl dLIJiS' j 4 * j-saJI jL JjUJI (^1 jJt (^j-JLU .*jl 

Aj^sdJl SjJLaJI Jp 0*3 jJl jj-Jii y yJjj -la— j j^P L»c« jJL^J j jJJIj * j-s<aJl 

^y j ]g ~*j\ Aj jJajJ j_^L^a A_>1 £*J 4 (^ \ \ ^ A o) JL*ij y I (l)li 4 1j-J»-i j 

yJl AjLLIpxII jl jJbU A^Ojil 6 jJhllaJl £*j> yJ A_~uL> JL$_>-1 ji 4^lp J jJUl J * J-vdJl 

jtS") lf~> U-i J>-I-Uj (1)1 y\ qA » ; | l ^ »/3 *j (jl jj3 jl^il I jJhUp 

. (<w3l y tlr^p J-jjj y 3 j— I y-Vlj yL-jl L^Jl^I C— 5jJl <ij <y 

aJIp- ciULf J-> 4(_^^U jl y-jj *y>rj ^ -la— jJl y Jl£— S/1 jl J — j yl £Zjl~u 

• ^ A ^(lM jiaJl y JLa y* a]o— J— 

a^L^JJ jujl>- f. >— ! jl^LlIL o. .1 J >a a 1 1 I Jla ^y AmJ jJl l**.* j 4 jj 

J-p j j—jJJl *UUJl ^JLtl jl 2J . c->jjJl y La jjb ju-L£ Jj 4 oLj-saJI ^*JLp y a~jj-*-)I 

OaLylaJ IjJLpI JLa_3 L$Jl l^ljJLw-lj 4 * j-^aJl A-n- ^ Jg Jj->- A—yJlj A*JUjJl jL^iS/l 

J5 jl jZm (j jl!I o j j^aj y I ^ 1 j^jb i dLi y-al jj 3 y 4 y jl* JiJ . ap jJ— » 

j j *^fl.rJl Ula • ojLaL^^/I ^y Ly ^ J^L*^ j£\ja ^L*<^^S/I 

jl 6^ ys^sJl (^1 4 1 ^ - P 4 A t « </?. 1 1 ^Lm*£^^L! Ja<wm*J| (y** 4 jyl 

(jjjl (w^aJII ^ eJ-A jJaJl A^>t ^ ji^S/l Jl>«j L«jjj . Ja-^jJl ^y Jl^JLII 

^y j ysAll jL J5UJI j (Species) « j y^l 3 JUJ» -> cJ j yJl j j^Lj j^p ej^t 

^A^juJaJl Cj\ ^L«*>-S/l j^ 4 li^UajI oLaL^VI 

p- y**A 1 1 A«.*.jg <J y^ AjjjJiil oLjiajJl jy Ijj jJ JLiS/1 lall Oy£j jl {y*J 

ly>o y-Ul 1— jA> ^jwjjJ I pLJL*J1 ^a^>«3 . W(^3L«^\JI® (jb y\j 1 yL^)/l { j^j Jl j-* 

Aw?U-«5^ ^ j-maJI I j j-ipl 4 |*-i^fll ylj L«— u^lj jia-^jl y j-objj 4 ^j-saJI a» >,Jg 

^ y£*JJ O.-.M « ^P I y*-+J ^yjAJl n ^ «l JLaJ . (J^La Ja j-y*^ 

David C. Lindberg, «The Science of Optics,» in: David C. Lindberg, ed., : j la II OfV) 

Science in the Middle Ages (Chicago, 111.: University of Chicago Press, 1978), pp. 356-357, 
reprinted in: Lindberg, Studies in the History of Medieval Optics. 

Ibn Rushd, Epitome of the Parva Naturalia, translated by Harry Blumberg, : j la il (YA) 

Mediaeval Academy of America; Publication no. 54 (Cambridge, Mass.: Mediaeval Academy of 
America, 1961), pp. 15-16. 

Lindberg, «The Genesis of Kepler’s Theory of Light: Light Metaphysics from (Y^) 
Plotinus to Kepler,» pp. 14-23, and Bacon, Roger Bacon's Philosophy of Nature : A Critical 
Edition, with English Translation, Introduction and Notes, of 'De multiplication specierum ’ and 'De 
speculis combur entitlin', pp. xlix-lxxi. 



a-ajjIsj jLkj y jJl j * j-saJI jL j*joI£lpI ^ ^jyayil jJa-w*» 1® 

v - j *-* j- 4 <1 l^lj . Ja-^jJl <— jL^ ^ yj> ^U-il iill> jj^j jl *)I aJ| 

-la-— *j ^ Oj^) JLju yp JjuUI jj—ai) l>Uw jli' ^iJl (Guillaume d’Ockham) ^15“ 

yj ai-* Jajij^Jl 0 jSi} O^L» JLii t J J «,a~\\ IJla yp ^lijUL! j t ( jLS' yl y« 

j-J-—* * jL» JjL>- LaJJLp t j-JLp ^^LLl j y ail y»ljl yi>- A— ajLca <J j* y 4 -la—* jJlj * j-viJl 

. (r j-1^ Ayl^ (Marsilio Ficin) yJLi 

ijjJI oiy^ : Llj 

JuJ j . * yLLlI Ajt*-Jd <J j^- jL^iVl ^Jbui ya tfLjl Ajj jJl d-*LjJaJ £yJ y£L ^1 

! Aj^j Aj j jJLl will oL jlalll <1)1 y-T l)!^ 4 y 111; 

ya (^ j-stf-Jl ^Lfc-J-Vl jt J jJ5j yiJl L y* j -^.. Ua ; )j ytSAj^ cl^Jl Aj jiaJ _ \ 

^ ‘\r> J* Jr* ! y A AjLp AjjJajJl o-L$J jtSj . y.*Jl 

. (J j-saJI j jlilil 

CjLjJoj ySlI £_£^L yJl t j la jl j (jujJLl! JLlP <Jl>oVl oL j-Lj - X 

. ^ ^JJilJl *Lj-3 a J j t yjil p— J^-lj v— -jljil yj JUajVI y » yd i A-jLyi 

Ay>- jJjjJ^a!!^ A-^j-ijJl AjLrJL LfSl j -Jaj y^ (_5^^ <y* yldi->" Aj j-laj _ V 

• l/ 4 >1^ V IjA! ^ 

( J_P A-P <w-» yS* Lj^.alW ol^J.1 y^-*! oL jlalll fljjb y» SJLp-Ij ( JS 

L^>- jJLu t L>— i JJLft I j+m+Aj £ j Iaj A w ?L ^1 Aj j la 1 ^ . j., *+* + .& Z 1 1 

^Jl ^ll yj L y\uy r i}\ JUaJ^M aJL — 4 JjfcL*x^jj ^ y*J L^jlSCJ i (j j -j g --.il -Uj j->»ll Sj-5o 

C L^L 4 LjL^S **-” ■»««*> » Aj j la ill 6.1^9 i JJ^P L«l * 

*jjj\ AjjJaj Lai . ^y-^LjJl {£ y *—>11 (_J^ l yy La ^-jL j L^L_v^li*~ 

<w? y, ^JJI JiLtJLj) l^kl i £51 j JSLLj ^Lyill JUal^l ^U 4 LJLyiJl 

1/ujJJl AjjJaJ Lai . LjiL-si>l ydL LaIjjl>b»^j *\y* oL-^>LjJl yp (^-JLLjJa-x jl 

Lindberg, Ibid., pp. 14-29. 0T*) 

Lindberg: Theories of Vision from al-KincK to Kepler, pp. 85-86, and «The Science of (f \ ) 
Optics,» pp. 341-342. 

£-* L^JU^jLl j»j « jl *la— - jJl> Ajjia.lS' Aj^JaJ i (jj^- jJ^ll y* *; J-sA-o (^Y) 

. AjjJaJ aJL-j| 4 * ...^a 'T UjLipI J— i#l y . CjL jlaJl 

A. Mark Smith, «The Psychology of Visual : y <. J-J y* <Ja_5jJl #Jub Oj-Jl (YT) 

Perception in Ptolemy’s Optical Isis , vol. 79 (1989), pp. 189-207. 



i^\ j !-Laj _ j-Alj-laJl JJ^~ ^a 4 £>- jVl ( J-p 4 <olJL3 Lfili aOLj_-_aJ1 

0-9 V 4 \ ^UjlaI ^jU- oJ Sjj _ dLi ^^1 <jj3 ^^-JLL j jt 

^-Lp Cw? ^L-l J3LO L^S/ oU-UJ ajj-saJI (Pneuma) L ^iJl J ^ ^iJU- hj* J 
L^JuijJajj 4 J J la ill AjjJaj 3 JUaj JuJUaJl N I jS Ju ^ L^lSsJ 4 AjJjJI Lj>- J jtj jJLlJl 

0 JLA aJL>-I J Ji' ^ JLa jj . 4jL-_Ja_l! oL»t>Lj (3J 4-^-jJL 4 -*j>LT «... 4 j-*P jU 

jLo-l 4 ^-*!j (JLkj ^J-Pj 4 <1)LS^ L j jJJ 4jjJa-» s-LaJLili . <1)LS* oL jJajJl 

. <ro i^_Ju i\j, ji\ _ yji ji w-lji _ j^lii 

OyH-* u.^ flLJl <y (j-^l ^ 

j^LsaJI jLip! 4 bjlj L*^3 4^o^Jl J-il 

4^1 & n.l| aJLA ^A ^ « L > 'b/ |»->.»«- ^ -l (L)j 4^.«-«- > fcj 4 4^_**jLk_I_4 j^-P 4-JLa-P ^-A * /9 4 ^+. .««. > ■ ^j-P 

. Ja^>til Ja-uj jJl ^ 4.LaI*M.* aj j-*/? jJ Al4 a jJu^> aaIiIa ji 4Jajti u} Jj 4 S JL>- 

. 4jL>-^U| AjJ jJl oLjiaJ ^L-l Ail I j j-sAj ^Jl^Jl 

(J j->~ b-L.** L»jd 1 j-^-p a 1 0-4 tal jjij j,j 4 La-L^-j b .L»-*-^ |%jla! 

^jjl jl>*jl ^j-4 IJLa Uj! . vOJl 4Ja-*<l jj Aj j J] 4-*^Ut-| OjJaj ^3 aI a i 

A jj j}\ < J& Wi Jo aJU-^I 4j ^Joj f-LUl ij 4 J^4 (wjLsOj j ji JUj 4j*JL^J| 

{£j+* a-Jl (j'* aJaaI JS* oJLxjI lil AjI pJLjj! ^jI JLaJ . l-L-« ( j^o li^UajI 

IpLaJi! <ia^j oli ioLfcL^^fl ^5^ (J^^ 4 L^L«-Ji| 

^4 A-jV I AjtJrf'yi l jJ* gjLJl J 4 ^jJO a ! a 6) ^3 JaJL^Ij j-sA-Jl aJsjIj 

Aj>w?1 j Aj»JJ 4 IJlSLa j . ^^LaLS" Li j^ JL (O JL^ 4 Jl JuA^“l J^Laj L— tf Lj£ 

LJJjT 0>ijj JOM ^4 oOj AJailj (jyJl ^ 4JaJtj J5" jjLj a2j J> 3L^| 

. ^ ^ -Llii a^JLc (jlil -LLi> 

LpLx_«^ ul ^JLsI Jl A 3 . jl ^^L-4 |jL^L—-4 A 1 mil aJLA ^ ^ 1 1 ^jj I Jl^- 

^J-P L^ J-4-P la a «o*^ 4 {£ j «,/3 « ll ^j-4 Aljut A ,1a, a j ^p aj^LsaII ix-uj'yi ^4 4 1 

LJji aJL>-j ^LtJL]l IJLa <1)1 ^jj| ^-IpIj . jL^SLl (1 )j3 dJUJj 4^yJl ^1 a— 4 

4 ciUi AiUa^L . jL— ^jVI u La j-jjIj AjuJ^'y 1 A-O JLa3j ^3 ^ j-sA*Jl 

Aj JL pli (j jSLjj d/4J«Jl J_S" j^a ^3 A-^uIj Lj-sAj LL>_j J&- Aj 3 A_*_*iS[ ! Jl^LILj 

A-M^j-L */* ; i' -i^^ !»-> i-L^A_j . j-saJi aa.Ll > «j» i ^L»>-'yi 


Lindbcrg: Theories of Vision from al- Kindi to Kepler, : ^ ^iSl J^jCj iialJl aJu (f O 

pp. 57-60, and «The Science of Optics, » pp. 339-342. 

Lindberg: Theories of Vision from al- Kindi to : ^JOI tpJL-^Jt oJjJl Lj-Lj J j-?- (T*o) 
Kepler , chap. 4, and «The Science of Optics, » pp. 345-349. 



Jj^l dU-Lj $ <J j j\i iJli-.il itjJaj JjSlI S j-«JLJ L^LjJl ^jJJI 

jjJal^JJ iblSi-a L> 5 j*/*a\ \j) 4p-lJ ^ j*,a Jl kj i^LjJl oljJJ ( j*j 

{j* ^Jb-.i^/l oLjJaJl LJlLJ L^ kxi ^jlJl jl ol^^uilJl j (^j^aJi\ 

j « L lJl gJluJl (jLiol ^ pd_--$Jl ^jj\ -XJLS ^LpxjJl I i-fc (Jl iiLs<i^/lj . (_£ jJ-l 

Lj jJJ «L> jJaJ dU-L L*JJL> 4 CjjJaj JJ *uJaJ| i^j-UjU j ^ j_lJLL- L_>> jJ^jJ^iJl j 
. ^5 4-JaJlj i^Slj^jjJlj ^.ygjj jJl d^bLfcJLA V I 

J* j£dj cvlJl L ^JaJ Cj ^JLp dJLJl j jJLp jUJl jjtJl J~Sj 

(jjk*>L3l j-JIj , ^ ».) dLb jL£ L*jjj cL>JjJl iujJtJl o^LaliJI J-p 4 L$JL£Ltl 
^j^aJI jl Oj^yA <J lL J\ ^J ^ k... frl J-U-i J"*— 

L jwjl (J| p-J tjAJ 4 jL»jJl (Jl <-f-* jj <C-4J 4 J-5\Jl ^ IdjJ J c <y 

4— *»Lk l ^,„i «t> ^ L . » > ■ V I J-P *• j- s*aJl l-i-A la a *m ,^j *t ((4jLjj dJJk*wo® ^*-P dLb_j 

J-P j.iLi »■ j> «k ll J^-a d* «-J 4 di-d 4 ^jA IjU-j-pl LgJL *. •> j_j ^jjl b*-d»S/l jJ® ' ijJjJl 

oUJ jJaJj LowLLp .sJL«Jl11 Jpj jw*Jl * — > ji jJ* (JJ jJalj La J lIp ^^aJLilil 

jJj ^ 1>- SJLa-JI ^k%*^Vl (j^j^aJl ^IxdJl jl J| 4 (^ j^“l 4^“lJ ^jA 4 j ^dJj . oJLjcJI 

^ jll <!■ J-kJl t JL a jl jJr . l$J| L jkl JuLal jJ lo-J L>- J-S^J Jif LaI^J AlSC! 4 l .^a 13*4 jLS" 
. ^ <0juI ^->k“ «.M.i ^>-jliL I p j-*kll jj^ jj- 4 ^rjdi >bJl L*[>- ^ 

. (Lumina) Uul ^1 j-s^l ^ j^S/|» jl ^LJl j jiJl ^ J^Vl 1 ^ J 

LL^l LJU-b Ip- j-si» L^S/ L»| 4 L^jl- (Lumen) p- j-siJl jV ^1 

. (rv) «ij jJl lL>jJ- dJUJL j b jl j U 0;^“^ J! d~J l^Sf jl 4(Lucem) 

j >^1 ^iJjl ^JLp JLJI j^LJl ^ yLS'U ^1 L^I c^^bjl ^1 oLSai j| 

<j \ jJl ^ ukJjll Uu ^ j ^ktAil ^ib JLaJ . ij-^aJl jUl i^kj (Timee) j-jU-j 

I^UtlL* l.o. ,«..>-)) L )a n ; l jLj-Jl p- j-s^ jr 4 L ^ ya-Jl jLJl jL JjLSJI 

ol5 j-i- JJ>b Ja— -j jjJb ^^-m J >-I Ul* ^ jJUj <: ^Ji jil j*~“J-l J| jr^Jl (j- 4 l-ddj J 

d-»L jV J jLa 4 jJLp (jliil j ji Jl p-LJU- tw^p J^--I JLSJ . ^j^Jl Jl ^Jl 

6 Jla j jkMil jkj ip- j 4 (Guillaume de Conches) ji j> ^JL p j (Adelard de Bath) 

jL JdLSJl j»lp JiLJb I j-^Pi ^i5^J j 4 iflJjdl iLL-Vl j*-rjdL U y~~>- j 

. ^ jLJl Jl^d| ^jp jkJl 


Augustin d’Hippone, La Genese au sens litteral, 1.16. 31, vol. 1, p. 165. : JaJl (\“"l) 

Isidore de Seville, Isidori Hispalensis Episcopi Etymologiarum sive originum libri : j-k)l (TV) 
XX, edited by W. M. Lindsay, 2 vols. (Oxford: Clarendon Press, 1911), XI. 1, pp. 36-37. 
Lindberg, Theories of Vision from al-Kindi to Kepler, pp. 5-6 and 91-94. (f A) 



4P j iJU Ji AjJ jJl 4 j jJaJ J j->- la..** jJl JjIjI ^y <1)1 

aJla J ^_>- ^ ycJlj ^U^JI jSLjil] aJl-LSUI ap «^-j j_*_Ll ">■ ^ytJl 4 cZjIp* yiil ^-a 

l $x£3 \ j y j.^llajj ^jOil y# li*>UaJl LiLpI Lp. 5 ci~Jl Aj jiaJ C^-lSI illJbT . aJLJJ 
^ja j^S y <j\iJjil jzt j^Ul U A>«i jt LJIp _ Cj^a yJUM j 

y 4_a y*A\ j 4 iJlio^/l oL ^JajJl 1 g ,»a) a yuaJl dJUU y Cj j-f-k JL3 j . 3bJL>*il JalijJl 
<L$->-l j-4 y t g -- ^ >1 pLJLaJI jl>- j ciLUJ . <L*jJL« jxjxj aijIIj aIpU oUaJL- 

. CjI jUU yj Ja ** jj ^L^Jj f-Ulil y 

4 olS' Jl2J : jj& 4j j»li jlS ilLjjVl IJLa y £jy*-U y-~A Jjt <1)1 

UoLjpM *>IaJ_a jJLo jlS' 4 aJU^}[I aj jJalll Jp ^jJl 5£- JiCjtu U lla-A c ! <Jp 

d)li c..* ye* ^IdjlaI <l)l£ . <L> ^aJI jUl ^y AjjJoiU lyl aSUL ^ U»l>- 

iiil) jl» JL^ klJl Aj jAj ^P £i1jli . A>wpw? y-U»Ij ^jOjJoJl yl* jj A A Jj>-!j 

y Lil >- j La* j# ft Ajj*P«H AjcJiSll 4^-J® <1)1 I jJJL* 4 ftj^jl L pAj <l)jd->“tj y»Ul 

jjz> y& Ur jiS\ <JL#15 jA aJU^)I 1 Ajjialll ji <_£ y- 1 Ay-U y JLdipl 1*5” . ^ ^ftAiyi-l 
(l)j^ ya aJL>-J J^jjl jLii^L A-Lo. t SUa O-W-Jw lyL AjJjJ! ^jp J jJUj ^ 4s>v-*s*x^tP 

j^U<aJl ^Ucki^/I ^ A*-Jl j (jL5l*^Vl lA|- Jj 4 6^ La 


oil . AiJ^Ji iijad ^jl ( f >YA* o) jjjSai (.IS JU! JJLl 

Av^I^>kjj 4 L^J A^dUil oLjJalJl JLp jia.^jS/ Aj ^p AP 

ciUi J . ^JLL^Jl j ^JlJUlj (1) j-U^UdSl d-Jl oUjiajj aJL>-^VI jI^jjJJI Aj 

yl ^jA aS j>Xa A^JCja Aj^sdj ^-pllP ^LaJpU j]a^jj\ *0 jJaj jj ^Jp 

* ^ aLoi«*a Lj2j! jJL j ^yLtAj 4 p y Ij JLt j ylj 

4.^^ 4 oJLS" . ^ \ ^ * 'j# 4 A— ii jJLv<ail : jJaJl 4 jJ»J ijJjJl OjJaJ J j_>- (V*^) 

De jJa^ijI c- iLi^J (Michael Scott) o JUL^ y d)LS^ oSl tSJUL*^* c .. ..." .«j 

: ^lail *tijUJVl aj ^ iai y UilJL. jk-jt jJU y lk>- c... r ^j kanimalibus 

Sybil Douglas Wingate, The Mediaeval Latin Versions of the Aristotelian Scientific Corpus, with 
Special Reference to the Biological Works (London: Courrier Press, 1931), p. 78. 

Grant, A Source Book in Medieval Science, p. 389. : y *>Ui t De iride (i * ) 

Grosseteste, Commentarius in Posteriorum Analyticorum Libros, II A, edited by : jJa_II ( ) 

Pietro Rossi (Florence: Leo S. Olschki, 1981), p. 386. 

Alistair Cameron Crombie, Robert : ^iaJl j fS Lk— I y l y* JjV ^kill IJla y j iL>- jJ 

Grosseteste and the Origins of Experimental Science, 1100-1700 (Oxford: Clarendon Press, 1953). 
Lindberg: Theories of Vision from al-Kindi to Kepler, pp. 104-106, and «Roger Bacon (IT) 
and the Origins of Perspectiva in the West,» pp. 249-268. 



*-« t j j£Li cJlS 1 ysVl \yt ^w2jI yJi j «Ljja]| ^JjujJI S^j c)l 

V LJl • {S j -s aJ I p-~^-3l ^Uoj ^L> (wdPjl^l (jiji P ^IIp Jjl <1)15* JLil . ^*SVl 
4 .« a * l lij ImLuI L*«l ^ 4*^3 c^i^LJkl ^J LUl ljl^j 43 jl) 1 a>*j ^J,p ^JUu 

pJL^Jl jjl oLjiij L$y ojjj 4 ^ T "\ • j! \ Y 0 * ol y—Jl ^y 4 oLj-a-JI ^y jJi 
^As> cJ1j-aS/ Ia^*/Ij Ijj-vaJ J-aJLpI lJ-^jbj . ^JL*Jl II4J a ft $ i L j^> 0 jJL cJ^ yJl 
uf^J 4y-jJ^jjyj ^SLjjyj y ^Jl jJl ^ Jliaj 4 jL li jZ-*a 4 jJ^Lil 

. A~>~JLi 


jli • |» * * ^ l i yA 4j^^J| ( y5 1 A»s.« *< Lw»^/ 1 L i 1 -•• ‘'j ^ kL^MMiifl JLdJ 

^U-i)l I j . ^j-aJI JiJ-l y« &Z J 5 y« oUtl^Vl £^- ,y 4 ^-icjJ (Species) VLSLit 
^yh iy j^jJI 4 -fc-SVl jl jry- ^y . cJ-a-sAjj J~£±i 4 -JI ji! Jp- SLJLa iai-^j (jll\ 

A^ *j >[jj}\ (J^Lm^LsL-I L ij^aj U> j 4 4 j> j ^Jl 4 .»L».p ^y aJLpLlII a jl^>- ^J 1 

JLls . 0 j£y) cJ j-L> y* j~£ oLljl ^y+A y* Uuj £\j*y\ C-JlS j . <_£ ^va Jl i]|j3^J 

oLjip ^y <jy«Jl Jb>-ta iij JJ JlSLiVl a Jja o| . Jl^iSlI 3 JlxJ J Aiij]aj <y L$ * 

4 ^ji 63-L>- 4 1 *^ dy J 4 ^*X*iJ^I 

.“"jUjJIJJ 


* * 

^1 4JL^J 4 LwJLd4 |»JL« ^]| ^jjl >-L>“ j JjsJ . 4jy Ayy^j V 1 a j> o\S 

j! ( y yJa-w^P-f ^-jJLaII j! ( yj . 4» IJaj ji jJa^xjl ji ( j^JLJj) j! (J^U^jI ^ yAj jl^»| 

4 oL^^Jl ^JLp y 4*«*u jJl oLa> jil aJla {jzi yJl oL^I (JjL>- 4 iJDJJ . (^Jii^Jl 

^1 ^LSjI Ijl^jaj . LiUL>- L^jla IjI c) y& JLi A'IaJLaJI **)lyA |»^y L a^j 

4 JLU jlfl^Kjl 4 j>- jldl ^JJI (J (Ills' 1SI La A3 yCA <jl :*.+S A^JL a ^JjLtaWA 

Uj lJub (jlS’ ^IjJl J) **Ju P^li\ VI ^ L* c^:.Q> JISLilj 4^1 ^1 JlSwIj 
4 ^JL^Jl ^Ij ^pJLlg j la <JL>oVI (Jy yJl 4 1 L*1 . ((Jj-^jj (^lj jjk 

. 4>jAyA y^sl O^IS Jua3 ^JLlSCJl J « «« pI ^-jJLaJl j ^jjaILuj ^«Jl 4j^laj^ 

^U* jJa^»jl (ji yA ^J| 4 jI il 4 4 PjL 4jLjJoj ^JLs^Lxll aAP (jy^tj 

V ul VI 4 ^j^JLJ ^Lil L ----- li ^-A o^tVl Jli-3l ji L^JLS'b J CjJ* U15 ^\ ^1 J 
JlSLiVli — . <jyJl ( y^' Sj^LsaJI (Jl^JiVLI ( jja\yn» ^Ln-i| ^j^rj ■ * * 1 ^ ^ IL^pI ^ ^^ 5 *^ 

Ajy*-Vl jy+A Jl aJLA j-j-PL>eIj 4^jyJl (J,\ A^jljJl Jl^JiS/l j\ * J+A Jl (jwPxI J ^JL?W-J 0 J-A 

. Ajj^aJl a jJlill ^yj (1^3 <y ^JLdJ 


L^S y ^ J-3 aj\ jjk |» ^ll . L)j^-j 4j jA> ^J^*pLL ^y (Jj>-jJI Lla JLyil j*y ^ja 


Lindberg, Theories of Vision from al-Kindi to Kepler , : jiaJl t jj^J oj^l o^lD J jj»- (if) 
pp. 107-116. 



{jA jlSSl I 6 j-ylj 4— ^lll iJLfc JLi J 4 AJUjJl Ajj-sA-Jl cJjbcdJ 
Jlj tjlJLi>*yi <n-w»*lj Lfc«A>-^ J ^mJJ| (i • 4 .* 1 * AIL*j^j 

ll** AJJ> ^jcs^Sf! Ajj-/?lxi A--jlJLII j-P (jllajJl £*Jj J^JLj IvsljI ojl^il oj 

jJLI ^ 4 j ^ nil ( j-ua_) ^3 p. t . f jl ^1 JL^pI Oj-^JL^l tiUj^ . <!)!->■ j jJbjj 

jj la ill A_*^jJL« C^_*_jLjj . J^JL, L f^J oUj-sA-Jl |» „ 1. P L_3jLnll 

^-*JL> jJLp ^LJl j ^JLp j jJLp ^1 jJl jj jJJl j-j-p L f r z*-* (Perspectiva) 

j (3 ^1sl> UJULPJ . L j&J ^ {jL*-pij | » t « ^ i i ^1 (Jj1jU>«jI 

^j! jlS’ <L~>- j* Tjl^! 4 jJLp £jLJI <3 jilt J 5 ^ <_** (31 (Johannes Kepler) 

. a °iJZy Ji 


: < 4 o JLitlf ^ 4 ^:jlJ JiJLb ^1 4 i-jjjJl oLjvaJI ^jb <J ij>- (11) 

Abu ‘All al-Hasan Ibn al-Hasan Ibn al-Haytham, Optica Thesaurus . Alhazeni Arabis Libri 
Septem... Item Vitellonis Thuringopoloni Libri X , edited by Federico Risnero (Basel: Per 
Episcopios, 1572), reprinted (New York: Johnson Reprint Corporation, 1972), pp. xxi-xxv, and 
Lindberg, Ibid., chaps. 6-9. 




iHA 1 


jLjjaJI _ s 


jJtJj . *U*S/I oUJ* ^ *USll • j*— 1 *1*31 ^UJI jj! t a . k .^. ^1 ^1 

. \ A A £ _ \ A AT c [ . j . 3 ] ! j 5^ £ ® yhUJl . . I 

* — jLiS" ( — j-*Ji . <OjJL*Jl »l O .. H . J 1 ^ <yj ijJjjpla-Jl ^1 

c [ . j . 2 ] : 6 ^jftliJ! . ^jJU jJl Ju-p 0 jJLJ . Meteorologiques ^ JLt jia— jl 

. m\ 

. |JLp . hjuI J -^p ^J-p ^-jl t h*-*^ 

. \ < \0'\ jb :Sy>U)l 

. \ ^V * c oUjJx4 : jjuJ . *LLiJl coils' 

i [ . cl) . 3 ] ! S ytUJl . Jblj . ^ jJLj . oLyi « « la It — a <t II calls' . _ 

. \<W* 

t [ « (!) . ■*] I J^>* ^>WlJ . (^j-^jliJl (j^Jl) J^SaJI jLa* 

(t t u-) .f\^oY U\rr\ 

.\^£* t[.(J . x\ '. JI 4 JI t jliT J*Lj>- . { ^tyio\\ J^bd» J . JA Qi C 

JjLriJIj i^Jl^jjj ~L?*1 JuJ AjJLaj ft jJi J . <— 'lllT 

^^k-LJ! JLjI jJl >A ^ x a 1 * c£ b «✓? *j itl> t J^> JU-^ 

4_LaJ_oj l I 4 aJj-aJ| ^ j-L*Jl ^c-jjLj ^3 oL^ij^ j j^LsA 4 ) . \ ^A \ C ^jjJl 



(r I 

iU jj-s- . OJj ~ Jl J1 J-AJ Jjl-oj . (J-f- j-> J J .- fl'- * j-AJ ><t ‘ (jlj> ,jjl 

. \ ^ 1 A t Ojlftll 0 j5b I < jSjJl 

(J> b-3^UaJl . <X?4 ^jj Xo-*£ 4)1 JLp jj! t ^jlp ^jjl 

iol> b-*t>- JU- .^^jjaJI ^XJj .<^1*51 
.(£ ^ Ajj^xJl oL-s^L j}\ ^ ol— I j^j . \ ^AY* 4^jjJl ^JLJl 

0 j - y & X*P J *A^ • (J^ ^ Jp {jA 

. \ ^ V ^ c 4— x^Jl jb 4 jcJx« ; o ybUJl . J^x. jjJLmoj $ ^LfJLlI j 

clr* S J .*JU* J^ipS(I ^ J->- ^ <— 

. ^ *\AG 4 [ . ( 1 ) . ^3 \ <i)b - — Djy^t ji . cJ j^AauA <& y&£- 

c oiu ^Ja>*il X{ * 4 .' C-jjXJI . I jWJ . 1 <Jp jJLjj J>-JL£ . ^feUll cjllfT 

. mr 

. \<\y-a 4 [ . (i) .^] ^lTjx^ 

. ^LUlIj ^JL-I jj j^j! 

.^JLl LU^Jl 

. o ^ aLaJI . jbxJl Jx>£- ^p ^ (_i^ ^jaJI 4 jl^^Sfi 

.£ Y 1 . S<W 1 . MYV 4^Vl ^ Ul 4oJ_^ll v r x£Jl jb 

. \* J ^ Y\ .Jb \YAo ,hj^\ bukll 

Xx^ii X^“f {J-yA £ . frli uLm^I ^3 x^l 4^**<J— b^l/l 

. t J? . N ^VY* 4 j^\j j-lxJl j j-w-iJU <x>fcJJl ! « 1 )LLp . oIx-j-a-^ 

c->L-J-l ^JLp ££jL>) . ^ ^A"l 4 OjjJl ^j-bJI .Ji ^.n.4 44 — *JL>- bt^l>* i c-JL>- 

(Y 

JLs^l jJt J . ^ jJLp (w>LaJu^/I jA . |«-aa1 j-j| jjj « w i| Al)l XaP jj! 4 1 

J^LsAa) . \ SA ^ 4 iojjJl ^jJL*J) ^tJjlj X^.W.4 4 4— JL>- AjwL?> ! (wJl>- . (jlJLjC^ p—JL>i 

(Y h ^ oL-lj^j 

. 4>Lm1( ^5 aJL«j 4^1. U ^3 4 l.»i^l)l . j-^lb ^jj jJbLaJl >L« P 4 

. ^ ^Ao 4 OjjJl oil? jJa>»il JL £ju> ‘ . jlJLucMi X^l 

•cX->l j ^ -ci^l ^ X*P ^xli ^ -Ayg 4 (_^3l J-i-Jl 

aLj^JI : 0 ybUJl . JL?*! ^jJUoj j ^ iJLg- ciili! JLP ^UbP jJLij J^jbl 



(ei-4 jl\ (3^3^ jfZ j*) • ^ ^ A 4 ^llSOJ ol*Jl A^j+0 . il 

y+A^ , ^mJI J ^lili C-^L^l y *A^ . jJl o L»> . JU^- ^jj JLo^ ►Ij ^J| 4 ^-Jl 

( ^ ^ j*-Ip • ^ ^V ^ 4 E • 0 • ^] ! ob-P- . |»^Lo< 

.^b^jJl jJl; . a j^IjlII ^ jtijSlI .ju 4 ^ ~u^ jU^ll c jj^Jl 

. i jj^S\j frLjS/lj «wdJlil! bl*Jl ijj^il ’. SjjhLiJl 

. \ ^ t A 4 cJjlxil S ^5b ; ^S’jlJI ^l! jJl>- . {Jj j*Jl j * 
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